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PREFACE

This document contains failure distribution data on a variety of electrical,

mechanical, electromechanical and microwave parts and assemblies. This data was

compiled from failure analysis reports, DoD maintenance data and published

materials dealing with failure distributions. FMD-91 has been developed to assist in

performance of reliability analyses such as Failure Mode, Effects and Criticality

Analysis (FMECA).

This is the first document dealing exclusively with failure distributions published by

the RAC. RAC plans to periodically update this book as new information is

compiled. If RAC users maintain databases containing failure distributions or know

of additional sources which present failure mode distributions, please contact the

RAC technical inquiry hotline at (315) 337-9933.

The authors would like to express their sincere appreciation to those who

contributed their time and effort to the preparation of this publication including

Debbie Canning, Jill Race, Shirley Thomson, William Crowell, Jeanne Crowell and

Pam Meus. Valuable technical assistance and direction was also provided by David

Coit, Anthony Pettinato, Preston MacDiarmid and Steve Pemberton.
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1.0 BACKGROUND AND INTRODUCTION

A knowledge of part failure trends are necessary to successfully perform many
reliability analysis techniques such as a Failure Mode, and Effects Analysis (FMEA).
Quantification of the relative probability of occurrence for each potential failure mode or
failure mode distribution, for a given part type is essential for the performance of a Failure

Mode, Effects and Criticality Analysis (FMECA).

The intent of this document is to present failure distributions on parts and assemblies
to be used in support of reliability analyses such as FMEAs and FMECAs. Data contained
in this publication can be used to apportion an item's failure rate into modal elements by
multiplying the failure rate by the percentage attributable to specific failure modes. The
intent of these distributions is to provide a baseline set of probabilities to be used in the
reliability engineering industry. These distributions will evolve as additional information

is made available to the RAC.

The scope of this publication covers all electronic, mechanical and electromechanical
parts or assemblies on which the RAC has collected failure mode data.

This document is organized into the following sections:

Section 1: Provides background on data collection, defines the data contained in
Section 3, and presents a discussion allowing the user to accurately
interpret the data.

Section 2: Presents a Users Guide to FMECA and explains how data contained in this

document can support FMECAs.

Section 3: Presents the Failure Distribution Summary/Data Listings.

Section 4: Describes Data Sources used in this publication.

Part Index: The Part Index provides a comprehensive cross-reference to the data
contained in Section 3. Each part category has been indexed on all
pertinent words contained in the part description.

Reliability Analysis Center (RAC) e 201 Mill St. Rome, NY 13440 * (315) 337-0900



1-2 Introduction FMD-91

1.1 DATA COLLECTION

The data contained in this publication was collected from a variety of sources. All

sources used are briefly described in Section 4. These sources can be grouped into the

following major categories:

(1) Publlished Infor on. To aid in the RAC's data collection activities in
support of this effort, a literature search was conducted which identified
published sources presenting failure modes or failure mode distributions.
Such sources are from periodicals, technical reports, and data compendiums.

(2) Maintenance Data. There are several government sponsored databases that
were used in support of this publication. In these databases, a repair technician
will typically record information regarding the cause of failure at the time the
maintenance action was performed. The primary disadvantage of this data type
is that the failure mode/mechanism can not be confirmed. Data of this type
was only included when a reasonable degree of credibility existed in the source.

(3) Failure Analysis Reports. The RAC continually collects and analyzes failure
mode/mechanism data from failure analysis activities. This data source is
considered the most desirable because both the number of failures and the
failure mode/mechanism can be confirmed.

The majority of information used in this document is from previously published
reports. Maintenance data was the next most predominant followed by failure analysis
reports. If the user would like to gain a more thorough understanding of the data sources
used in this publication, Section 4 briefly summarizes all sources used. One particular
problem in deriving the failure distributions in this document was the manner in which
several data sources were merged together to yield a single distribution. Initial data
analysis and summarization efforts included the use of various weighting schemes to rank
the data in accordance with a combination of both the quality and quantity of data. While
this methodology has merit, it was decided that individual data sources be weighted
equally. The reasons for this approach are as follows:

1) A minimum degree of data quality and confidence must have been present in
the data, otherwise it was discarded from the database. RAC only included that
data for which there existed a reasonable degree of credibility. Therefore all
data in this document meets a minimum level of confidence.

2) Many of the data sources exhibiting large quantities of part failures were
deemed less credible than data sources with low numbers of part failures.

Reliability Analysis Center (RAC) * 201 Mill St. Rome, NY 13440 a (315) 337-0900
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3) An adequate quantitative weighting scheme could not be developed. Quantity
of failed parts could not be used because sources with large quantities of parts
would overwhelm the data to the point that other sources would have no
influence in the final distribution. Quantity of parts also could not be used for
the reason cited in item #2 above.

1.2 DATA DEFINITIONS

The following discussion defines the variables contained in the data section (Section 3)
and presents information allowing the user to better understand and interpret the data.

Section 3.0 of this publication contains failure distribution summaries. Figure 1-1
shows an example of "Diode, Rectifier" as shown in Section 3. The fields presented in this

section are as follows:

* Part Description (Part Desc.)
• Failure Mode/Mechanism (Failure Mode/Mech)

* Normalized Distribution (Norm Dist.)

* Failure Distribution (Fail. Dist.)

• Number of Data Sources (Data Source(s))
* Failure Mode Details (Details)

Each one of these items is defined and discussed further in the following paragraphs to
give a better understanding of how the data was categorized and summarized.

Reliability Analysis Center (RAC) e 201 Mill St. Rome, NY 13440 e (315) 337-0900



1-4 Introduction FMD-91

Pait Failure Norm Fail Data
1)e.c, Mode/Mach Dist. Diet. Source(#)/lletailI

Diode,Rectilflr Sour:esA4
Shorted 54.9% 50.0% Short t24994-000,20.0%) (25000-000,Oty:l) (25000-000,Qty:1)

(25000-000,Qty:l) (25000-000,Qty:1) (25000-000,Qtytl)
(25000-000,Qty:2) (25000-000,Qty:3) (25000-000,Qtyi3)
(25000-O00,Qtyr4) (25000-000,Qty:6) (25000-000,.ty:7)
,25000-000,Qtyi9), 1K ohm short treverse) (25001-000,Qty:1),
Hard Short (1 ohm) (25001-000,Qty:l), Short-Overstrea8
(10722-000,Qty:2)

Drift 31.9% 29.1% Parameter Drift-General (25000-000,Qty:S)
(25000-000,Qty:13) (25000-000,Qty:14), Parameter
Drift-lnsulation Res. (25000-000,Oty:6) (25000-000,otyi6)
(25000-000,Qtyt6), Parameter DrifL-Delta Ir
(25000-000,Qty:l) (25000-000,Qty':1) (25000-000,Qtyil)
(25000-000,Qty:l) (25000-000,Qty:l) (25000-000,Qty:?)
)75000-000,Qty:4) (25000-000,Qty:4) (25000-000,Qty:5)
(25000-000,Qty:5) (25000-000,Qty:7) (25000-000,Qty:7)
(25000-000,Qty17) (25000.-000,wty:8) (25000-000,Oty: )
(25000-000,Oty:10) R25000-000,Oty:l1) (25000-000,Oty:ll)
(25000-000,Qty:27) (2h000-000,Qty:28) (25000-000,Qty:28)
(25000-000,Qtyi57), Parametec Drift-Delta R
(25000-000,Qtytl) (25000-000,%ty:l) (25000-000,Oty:1)
(25000-000,Qtyi1) (25000-000,Qty:l) (25000-000,Oty:l)
(25000 000,Qty:2) 125000-000,Qty:2) (25000-000,Oty:3)
(25000-000,Oty;6), Drift (24994-000,40.0%)

opened 9.5% 8.7% Open (24994-000,20.0%) (25000-000,Qty:l) (25000-000,Qty:l)
(25000-000,Qtyi2) (25000-000,Otyt2), Open-General
(25000-000,Oty:l) (250C0-000,Oty:l) (25000-000,Qty:10)
(25000-000,Qty:25), Open-Open Junction (25000-000,oty,2)

Corroded 2.3% 2.1% Corrosion (25000-000,Qty:4) (25000-000,Qty:10)
(25000-000,Oty:24)

Intermittent Operation 0.6% 0.3% Intermittent (25000-000,Qty:l) t25000-000,Qty:3),
Intermittent-Noise (25000-000,Oty:6)

Seal Failure 0,4% 0.4% Leakage Seal (25000-000,Oty:1) (25000-000,Oty:3), Seal Leak
(25000-000,Qty:3)

Mechanical Damage 0.4% 0.3% Mechanical Damage (25000-000,Oty:l) (25000-000,Qty:2)
(25000-000,Qty:3)

Induced ------ 0.3% Severely Degraded (10722-000,Qtyi1)

Utknown .. 5---, - ,.% Unknown )25000-00.Dtv:3, ) )25000-D00.Otv:6)

FIGURE 1-1: Data Format

PART DESCRIPTION

Data contained herein have been extracted from one or more individual data
source. In cases where more than one source was utilized, the data was combined into
a single listing of failure modes for each part type. The manner in which this
combining occurred is presented in Section 1.4 "Data Summary Example." Since there
can be several sources combined to derive a single distribution, the manner in which
parts are described must be consistent between sources. Since these descriptions, as they
are collected by the RAC, can vary significantly for a given part type, they were
sometimes modified to insure commonality in part descriptions between sources so
that data could be combined on similar part types in a consistent manner. Part
descriptions were only changed when necessary to keep the intent and meaning of the
original data source.

Reliability Analysis Center (RAC) t 201 Mill St. Rome, NY 13440 e (315) 337-0900



FMD-91 Introduction 1-5

To obtain failure distributions for generic families of part types, special merges were
performed on selected part types. For example, the summary for "Bearings" is a merge
of all bearing data, regardless of specific type (i.e., ball, roller, sleeve). These summaries
are contained within the data section and are denoted with the word ("Summary") next
to the part description. For these entries, only the failure description and normalized
failure distribution are presented since all data used in these summaries is presented
below the summary level.

FAILURE MODE/MECHANISM

The Failure Mode/Mechanism field presents the categorized failure modes or
mechanisms. For the purposes of this publication, a failure mode is defined as the
observable consequence of failure where the failure mechanism is defined as the
physical process which causes the failure. This field represents the failure modes as
they were categorized by the RAC from the detailed failure description (presented in the
Details field). During this classification process, the RAC reviewed all failure modes
and mechanisms for a given part type and structured a generic list representative of all
data sources.

NORMALIZED DISTRIBUTION

The Normalized Distribution is the Failure Distribution field (discussed in the next
section) excluding the categories "Other" "Unknown" and "Induced." These
percentages are included in the Failure Distribution field. (The category "Other" is
defined and further discussed in the "Data Summary Example" section.)

Additionally, for some part types it may be preferable to normalize out the wearout
failure causes when deriving modal failure rates for the performance of FMECAs. This
is especially important if the source of failure rate data used is MIL-HDBK-217 since the
failure rates derived from that document are typically representative of non-wearout
type failures.

FAILURE DISTRIBUTION

The Failure Distribution Field represents a summary of the distribution of all
categorized failure modes and mechanisms from all data sources for a particular part
type. This distribution is representative of all categorized failure types, including
"Other," "Unknown," and "Induced." This distribution was derived in the following
manner:

1) Sources with known quantities of parts failing in a particular manner were
converted to a percentage.

2) These percentages were combined with the other sources which hd failure
distributions reported by percentage alone.

Reliability Analysis Center (RAC) e 201 Mill St. Rome, NY 13440 e (315) 337-0900



1-6 Introduction FMD-91

As an example, consider the following illustration in TABLE 1-1.

TABLE 1-1: Example of Combining Data
Source 1 Source 2 Source 3

Failure 1 60% 20% Qty: 12
Failure 2 30% 60% Qty: 4
Failure 3 10% 20% Qty: 2

In this hypothetical example, Sources 1 and 2 reported the failure distribution in
percentages while Source 3 reported a quantity of failed parts. To illustrate the
combining procedure, Source 3 was converted into percentages. The percentage
associated with each failure type was then summed for all three sources and the
totals divided by the number of data sources which in this case was three. Numbers
may have been rounded to insure that the distribution added to 100%. Table 1-2
illustrates this.

TABLE 1-2: Failure Distribution Results
Merged Failure

Source 1 Source 2 Source 3 Sum Distribution
Failure 1 60% 20% 67% 147 49%
Failure 2 30% 60% 22% 112 37%
Failure 3 10% 20% 11% 41 14%

Where the term "NR" appears in this field, a failure event has been identified by the

source but no percentage or quantity was given.

DATA SOURCES

This field represents the total number of data sources used in deriving the failure
distribution. Each data source is briefly described in Section 4 of this report. Each
source is uniquely identified with a five digit number followed by a three digit number
(i.e., 24417-000). This number represents the RACs library file number.

FAILURE MODE DETAILS

The details field presents the detailed failure descriptions exactly as they were
reported to RAC from each data source. This data is mapped to a failure
mode/mechanism which was categorized by RAC engineers. Each detailed failure
description is followed by the source code and quantity (or percentage) of devices failing
in that manner. Each RAC categorized failure mode/mechanism can have many
detailed entries from many data sources.

The detailed data is presented to give the user an understanding of the failures as
they were reported, and to present the actual quantity or percentage of each specific
failure by source.

Reliability Analysis Center (RAC) * 201 Mill St. Rome, NY 13440 - (315) 337-0900
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1.3 DATA INTERPRETATION

1.3.1 HANDLING INDUCED FAILURES

Many of the data sources used to derive failure classifications were from field
maintenance activities. As a result, many non-inherent or induced failures are included
in the data. Maintenance data were identified and classified based on type failure
classifications. Maintenance records with a Type HOW MAL code equal to 1 were initially
classified as inherent failures while Type 2 codes were considered induced. In the context
of this data, induced failures are considered to be non-inherent failures resulting from part
misapplication, overstress, etc. RAC then reviewed this data to assure failure

classifications were logical. The two failure distributions presented in this document are
the Normalized Distribution (Norm Dist.) and Failure Distribution (Fail Dist.). The
Normalized Distribution value excludes non-inherent failures while the Failure
Distribution value includes all reported failure data. This allows the FMD-91 user to
observe the failure distributions for each circumstance. Maintenance records which
contained replacement of non-failed parts were discarded from the database.

1.3.2 HANDLING SOURCE REPORTING INCONSISTENCIES

The RAC has collected failure mode and mechanism information from approximately
50 different sources, each with its own unique way of presenting this information. In
some cases, failure modes of assemblies were presented as constituent part failures of the
assembly that has failed. In other cases, the actual failure mode of the assembly was
presented. There are cases in which the failure mode classification may appear to be
inconsistent since there may be two sources of data for a particular part, one presenting

constituent part failure modes and the other actual failure modes of the assembly.
However, in cases where the failure modes listed are a combination of consequences of
failure and of constituent part failure, the user can customize this data to his particular
needs by converting one to the other. An example of this situation is "Transformers" in
which case one failure mode listed may be "Shorted" whereas another may be "Insulation"
failure. "Short" is an observable mode of failure and the "Insulation" is the site or
constituent component of failure. In this case, the user can discard the "Insulation" failure
mode and re-normalize the distribution or, if there is enough confidence that the
"Insulation" failure resulted in a "Short", the two percentages can be combined under

Reliability Analysis Center (RAC) e 201 Mill St. Rome, NY 13440 @ (315) 337-0900



1-8 Introduction FMD-91

"Short". In any case, this would have to be accomplished based on a knowledge of the
physical properties of the part/assembly and its related reliability issues. The RAC has
attempted to make these listings consistent where possible, however in some cases these
two different types of failure modes are presented to allow the user flexibility in tailoring
the distributions to his particular needs.

Additionally, some failure modes presented may be redundant. For example, one
failure mode may lead to another failure mode (ex. for Actuators, Corrosion can lead to
Sticking/Binding). Also, there may be failure modes with the same meaning (ex.
Shorted/No Operation). In general, the RAC has reported data as it was reported by the
original data source. If the user wishes to merge these failure modes, it can be
accomplished by simply combining the percentages as described below.

1.3.3 HANDLING VARIOUS LEVELS OF FAILURE REPORTING DETAIL

Some items may have failures listed that are not applicable to their generic category but
rather are applicable to the specific part from which the data was collected. For this reason
the user is cautioned to use the "Summary" data entries judiciously. If it is known that a
failure mode is not applicable for a particular part, the data can be re-normalized by

excluding the percentage associated with that failure mode.

There are a number of cases where failure modes listed are a subset of another failure
mode listed. As an example, consider a bipolar transistor. "Open" may be one failure
mode listed while "B-E Open," "Emitter Open," and "C-E Open" may be others. "Open" is
listed simply because a significant amount of data did not identify the particular open
junction or terminal site. The user has several options to address this situation if a
consistent set of failure modes is desired. First, if the detailed open site is required, the
percentage listed under "Open" can be applied proportionally to the more specific failure
mechanisms. If that level of detail is not required, the user can add the percentages due to
the specific failure modes to the generic "Open" category so that only a single "Open"
category exists. A third option would be to derive a single "Open" category by adding the
percentages of all "Opens" regardless of the "Open" site and apply that percentage in equal
portion. over all possible "Open" sites, even though all sites may not be listed herein. In
this manner, all possible failure modes are accounted for.

Reliability Anlysis Center (RAC) a 201 Mill St. Rome, NY 13440 a (313) 337-0900



FMD-91 Introduction 1-9

1.3.4 RE-NORMALIZING TO REMOVE FAILURE MECHANISMS

Both failure mode and failure mechanism combinations may be presented for a

particular part type. Therefore, a given failure distribution may contain a mixture of

modes and mechanisms. In cases where the failure mode resulting from a specific failure

mechanism is clear, the mechanism was categorized accordingly. !n cases where the

resulting mode is not known, the mechanism is kept separate and included with the

modes. In these cases, the user is cautioned to interpret the data accurately. If a true failure

mode distribution (not mode and mechanism) is needed in support of an FMECA, then

the unwanted entries in the distribution, such as failure mechanisms, can be eliminated by

deleting those entries and re-normalizing the distribution. Section 2.6.2.2 provides an

example of how to re-normalize data in this publication to accommodate effective FMECA

usage. RAC has provided a normalized set of failure mode distributions for use in a

FMECA in Section 2.8. These numbers were derived subjectively from the data contained

in Section 3 for commonly used part types using engineering judgment.

1.3.5 COMBINING DISTRIBUTIONS

Combining data in the manner previously described results in "average" failure mode

distributions. While these distributions are intended to be used as baseline values, actual

distributions can vary significantly as a function of many variables. Some of these

variables include:

* Device maturity

• Time during the life cycle (early life, wearout periods)

o Application Environment

* Device Quality

0 Manufacturing Process
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-.3.6 EVALUATING SINGLE SOURCE DISTRIBUTIONS

In many cases, there is only one source of data for a particular part. For these, the

resulting distribution is entirely dependent on a single data source and may not adequately

represent industry averages. Although there is limited data to quantify an accurate

average failure distribution, the data should identify the predominant failure trends for

that part type.

1.3.7 EVALUATING APPLICATION SPECIFIC DISTRIBUTIONS

It should be noted that all failure distributions listed will not be applicable to all

situations. This is because the data comprising these distributions was collected from a

variety of component types, quality levels and environments. Therefore, the summary

distributions represent observed averages and the actual distributions will vary depending

on specific conditions. Also, failure distributions presented are entirely dependent upon

the specific use conditions of the part/assembly. In these cases the failure mechanisms are

often induced and are not inherent failure mechanisms for the device. In these instances,
the failure distributions may have limited applicability to the "generic" family of
part/assembly types and are presented to illustrate how such devices have failed in the

past.

Wearout failures can occur in the entire population, and therefore can represent a very
high percentage of all failures. Since the time period relative to the life cycle of the part

over which this data was collected is not known and because failure distributions can
change over time, the distributions presented herein represent an average over some

typical usage time interval.
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1.4 DATA SUMMARY EXAMPLE

As an example to illustrate the manner in which the data was summarized and

combined, consider the entry for Fixed Capacitors shown in Figure 1-2.

Part Failure Norm Fail Data
De0O. Mode/Much Dijt. Diat. Source(s)/Details

CapacitorFixed Source 15
Shorted 4S.9% 48.6% Short-Dielectric strength (25000-000.Otyil), Short

(24990-000, 0.0%) (24990-000,99.0%) i25000-O000,Qtyl)
(250O000,ty121 (25000-000,Qty:2) 9 25000-000,Qty:2)
(25000-000,Qty:17) I25027-000,Qtyil), Short-Ruptured/Cracked
Dielectric (25016-000,NR)

Opened 28.5% 20.4% Open J24990-000,1.00%) 124990-000,20.0%) (25000-000,Qty;6)
(25000-000,Qty:9), Open-Defective Termination
(25016-000,NR), Open-Inaufficient Lead To Element
Attach-Internal (10722-0U0,Qtyll)

Dritt 21.9% 21.8% Parameter Drift-Intermittent (25000-000,Gty~l)
(25000-000,Otyt2) (25000-000, tyi6), Parameter Drift-Power

Factor (25000-000, ty;l) (25000-000,Qtyt2) (25000-000,Qty:4)
(25000-000,Qty:4) (25000-000,Qty:4) (25000-000,Qtyt6)
(25000-000, Qty6) (25000-000,Qty:7) 125000-000,Qty:20)
(25000-000,Qtyi5?), Parameter Drift-Ge-,,J
125000-000,iO 1) (25000-000,Oty:2), earameter
Drift-Insulation Hesistance (2500n-000,Qty:l)
(25000-000,Qty:2) (25000-000,Qty;2) (25000-000,Qty:3)
(25000-000,Qty:4) (25000-000,Qt5:6) j25000-000,Qty;6)
(25000-000,Qty:10) (25000-000,gty:23) (25000-000,Qty 67),
Perameter Drift-Delta C 125000-000,Qty:2) (25000-000,Qty:2)
)25000-:00,Qty:3) (25000-000,Qty 6) (25000-000,Oty::l)
)25000-000,Qtyt32) (25000-000,Qty:53) (25060-000,0ty:72)

Corroded 0.7% 0,7% Corrosion (25000-000,Oty:14)

Seal Failure <0.1% <0.1% Seal Leakage (25000-000,Qty2i)

Induced ------- 0.(% Mechaaical Damage (25000-000,Oty,6)

Unknown ------- 0.2% Unknown (25000-000,otyi3)

Other 0.0%
Change in Capac. NR Reduced Capacitance-Ruptured/Cracked Dielectric

(25016-000,NR), Delamination, Reduced Capacitance-Impared
Seal :25016-000,NR)

High Disipation Factor NR High Dissipation Factor-Detective Termination
(25016-000, NR)

Seal/Gasket Failure NR Low Insulation Resistance-Impared Seal (25016-000.?N)

FIGURE 1-2: Fixed Capacitor Failure Distribution

In this case there were five (5) individual sources which contained failure information on

Fixed Capacitors. This data is representative only of sources which did not contain a

further breakdown of specific Capacitor type. If a more specific description was available, it

would be presented at a level with a more detailed description of the part type. The

"Details" field describes the actual failure description as was supplied to the RAC. The first

entry lists "Short-Dielectric Strength (25000 - 000, Qty: 1)". This indicates that source 25000-

000 (described in Section 4) contains one part that failed "Short" due to the Dielectric

Strength. The term "Shorted" under Failure Mode/Mech is the term the RAC assigned to

the general category of failure description after reviewing all reported failures. In this case,

"Shorted," "Opened" and "Drift" were determined by the RAC to be the predominant

generic failure categories for Fixed Capacitors. All the quantitative data contained in the

details column was then used to derive the failure distribution (Fail Dist.) using the

methodology previously described.
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The normalized failure distribution was then calculated by determining the

predominant inherent failure classifications of the part. This was accomplished first by

ignoring the data associated with the unknown and induced categories. The next step in

this process was to discard all failure occurrences below a given percentage while insuring

that no more than seven inherent failure classes appear under the normalized percentage.
For example, if by ignoring failure classes occurring less than 1% of the time, less than

seven (7) remain, 1% is used as the cut-off above which failures were included in the

normalized percentage. If seven or more remain, the cut-off percentage was increased in

increments of 1% until seven or less remained. The number seven was selected because

consideration of greater than seven failure modes is impractical to perform FMECAs. If

seven or less failure classes exist initially, then all were included. Failures that are below

the cut-off percentage are listed under the generic category "Other." The cut-off percentage
is listed next to the term "Other." Finally, by ignoring the "Induced," "Unknown," and

"Other" failure entries, the normalized distribution can be derived. The normalized
failure distribution was then calculated (following the previously described procedure)

using only the reduced set of failure classes. In this example, "Shorted," "Opened," "Drift,"

"Corroded," and "Seal Failure" comprise the normalized failure distribution.

If the user requires more detail than is provided in the normalized distribution, the

detailed failure distribution and specific source details can be consulted.
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2.0 INTRODUCTION

This section Provides information on conducting a Failure Mode, Effects and Criticality

Analysis (FMECA) and illustrates how failure mode distributions presented in this

document (FMD-91) could be used when performing an FMECA. This section was

compiled primarily from the various MIL Standards governing FMECA. Every attempt

has been made to simplify the wording of these standards to better support users

performing an FMECA. Data tables at the end of this section have been derived from

Section 3 summary tables to include only failure mode data. While the section 3 summary

tables contain all the failure data contained in the RACs databases, much of it is not

applicable to a FMECA. RAC engineers have re-normalized a number of part type

distributions to remove failure mechanism data and combine similar failure descriptions

to provide an example set of failure distributions specifically for FMECA. This procedure

was performed with the goal to provide FMECA analysts with a list of widely used

component and assembly failure mode distributions. However, additional data may be

derived for components not contained in these summary tables or the example data

contained in the summary tables may be re-computed by following the normalization

procedure outlined in Sections 1.3.4 and 2.6.2.2.

2.1 FAILURE MODE, EFFECTS AND CRITICALITY ANALYSIS (FMECA) OVERVIEW

2.1.1 FAILURE MODE EFFECTS ANALYSIS (FMEA)

The FMEA is an analysis procedure by which each potential failure mode in a system is

analyzed to determine the results or effects thereof on the system and to classify each

potential failure mode according to its severity. The initial FMEA should be done early in

the conceptual phase when design criteria, mission requirements, and preliminary designs

are being developed to evaluate the design approach and to compare the benefits of

competing design configurations.

The FMEA will provide quick visibility of the most obvious failure modes and identify

potential single failure points, some of which can be eliminated with minimal design

effort. As the mission and design definitions become more refined, the FMEA can be

expanded to successively more detailed levels. When changes are made in system design

to remove or reduce the impact of the identified failure modes, the FMEA must be

repeated for the redesigned portions to ensure that all predictable failure modes in the new

design are considered.
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The analysis approach to be used for the FMEA will generally be dictated by variations

in design complexity and the available data. There are two primary approaches for
accomplishing an FMEA.

Functional Approach - recognizes that every item or combination of items is

designed to perform a number of functions that can be classified as outputs.

Hardware Approach - lists individual hardware items and analyzes their possible

failure modes.

For complex systems, a combination of the functional and hardware approaches may

be considered. The FMEA may be performed as a hardware analysis, a functional analysis,

or a combination analysis and is ideally initiated at the part, circuit or functional level and
proceeds through increasing indenture levels until the FMEA for the system is complete.

2.1.2 CRITICALITY ANALYSIS (CA)

The CA is an analysis procedure for associating failure probabilities with each failure
mode. Since the CA supplements the FMEA and is dependent upon information

developed in that analysis, it should not be attempted without first completing the FMEA.
The CA is probably most valuable for maintenance and logistic support oriented analyses

since failure modes which have a high probability of occurrence (high criticality numbers)
require investigation to identify changes which will reduce the potential impact on the
maintenance and logistic support requirements for the system.

The analysis approach to be used for the CA will generally be dictated by the

availability of specific configuration data and failure rate data. There are two approaches

for accomplishing the CA. One is the qualitative approach which is appropriate only when
failure rate data are not available. The preferred method is the quantitative approach
which is utilized where failure rate data have been derived.

2.2 FMECA APPLICATION

A FMEA and CA when performed concurrently are referred to as a FMECA. The

FMECA, if applied properly, can be one of the most beneficial and productive tasks in a

well-structured reliability program. Since individual failure modes are listed and
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evaluated in an orderly, organized fashion, the FMECA serves to verify design integrity,
identify and quantify undesirable failure modes and document reliability risks.

Results of a FMECA can be used to provide the rationale for changes in operating
procedures, maintenance strategies, and design to remove undesirable failure modes.

Although the FMECA is an esseutial reliability task, it iF a concurrent engineering tool

which should be used to supplement and support other engineering tasks by identifying
areas in which effort should be concentrated.

FMECA results not only provide design guidance, but can be used advantageously

during maintenance planning analysis, logistics support analysis, survivability and
vulnerability assessments, safety and hazards analysis, and for fault detection and isolation

design. This coincident use of the FMECA must be considered by program management

during FMECA planning and every effort made to prevent duplication of analyses by the

various program elements which utilize FMECA results.

2.3 FMECA DESCRIPTION

An FMECA is a powerful tool to optimize the performance/life-cycle cost tradeoffs

between mission reliability and basic reliability at the black box or subsystem level, where
these tradeoffs are most appropriately analyzed and evaluated. Potential design
weaknesses are determined by using functional block diagrams, reliability block diagrams,

engineering schematics, and mission rules (mission functions, operational modes,
environmental profiles, and times) to systematically identify the likely modes of failure,
the possible effects of each failure (which may be different for each life/mission profile
phase), and the criticality of each effect on safety, readiness, mission success, demand for

mainterlince/logistics support, or some other outcome of significance. A reliability

criticality number may be assigned to each failure mode usually based on failure effect,
severity and probability of occurrence. These numbers are sometimes used to establish

corrective action priorities, but because of the subjective judgement required to establish
them, they should be used only as indicators of relative priorities. The FMECA can also be
used to confirm that new failure modes have not been introduced in transforming

schematics into production drawings.
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The initial FMECA should be done early in the conceptual phase, and because limited

design definition may be available, only the more obvious failure modes may be

identified. This can help identify many of the single failure points, some of which can be

eliminated by simple design changes. As greater mission and design definitions are

developed in the validation and full scale development phases, the analysis can be

expanded to successively-more-detailed levels and ultimately to the part level.

The usefulness of the FMECA is dependent on the skill of the analyst, the available

data, and the information the analyst provides as a result of the analysis. The FMECA

format is tailorable and additional pertinent information such as, failure indication,

anticipated environment under which the failure may be expected to occur, time available

for operational corrective action, and the corrective action required could be included. The

amount of detail and type of information supplied is a function of mission criticality. In

general, engineering manpower should be focused on those potential failures which

imperil the crew or preclude mission completion. FMECA results may suggest areas

where the judicious use of redundancy can significantly improve mission reliability

without unacceptable impact on basic reliability, and where other analyses such as

electronic parts tolerance or sensitivity analyses be performed, or other provisions such as

environmental protections be considered. Additionally, FMECA results can be used to

provide rationale for operating procedures used to ameliorate undesirable failure modes

and document residual risks.

2.4 FMEA ANALYSIS PROCESS

The following discrete steps should be completed when performing an FMEA.

Define The System To Be Analyzed. A complete system definition which
includes identification of internal and interface functions, expected
performance at all indenture levels, system restraints, and failure
definitions must be provided to the analyst. Functional narratives of the
system should include descriptions of each mission in terms of system
functions which are utilized during each mission, mission phase, and
operational mode. N Jarratives should describe the service use profile,
expected mission times and equipment utilization and the functions and
outputs of each item.
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"* Construct Block Diagrams. Functional and reliability block diagrams which
illustrate the operation, interrelationships, and interdependerlcies of
functional entities should be obtained or constructed for each item
configuration involved in the use of the system. All system interfaces
should be indicated. A uniform numbering system to trace hierarchy by
functional system breakdown order is necessary and will provide rapid
traceability and tracking through all levels of indenture.

" Identify Potential Item and Interface Failure Modes. Define the effect of
item and interface failure modes on the immediate item, system, and
mission to be performed. All predictable failure modes for each indenture
level analyzed should be identified and described. FMD-91 present3 typical
failure mode distributions for components and assemblies which have been
derived from numerous data sources. Potential failure modes are
determined by examination of item outputs identified in applicable block
diagrams and schematics. Failure modes at the functiona' level shall be
postulated on the basis of the stated requirements in the system definition
narrative and the failure definitions included in the ground rules. The
most probable causes associated with the postulated failure mode need be
identified and described. If the failure mode has more than one cause, all
probable independent causes for each failure mode should be identified and
described. The analyst should also consider failure causes within adjacent
indenture levels. For example, failure causes at the third indenture level
should be considered when conducting a second indenture level analysis.
Where a system function shown on the block diagram drawing is
performed by a single replaceable module, a separate FMEA could be
performed on the internal functions of the module, viewing the module as
a system. The level of detail included in the FMEA is a function of the
system complexity. A statement of work or contract requirement will
typically define this level of detail. To assure that a complete analysis is
performed, each failure mode and output function should be examined in
relation to the following typical failure conditions:

(a) Premature operation
(b) Failure to operate at a prescribed time
(c) Interrrittent operation
(d) Failure to cease operation at a prescribed time
(e) Loss of output or failure during operation
(f) Dc.--aded output or operational capability
(g) Other unique failure conditions based upon system characteristics and

operational requirements or constraints.
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The FMEA Worksheet in Figure 2-1 is commonly used when performing an FMEA.

FAILURE MODE AND EFFECTS ANALYSIS

SYSTEM DATE
INDENTUJRE LEVEL SHEET OF,
REFERENCE DRAWING COMPILED BY
MISSION APPROVED BY

FAILURE

Io rITMUNCnIONAL FE4CcION PAILUE MISSION REAM LOCAL UFMMCII NM•EXT O1-0L0 IWD BFMECm PAILURE COIAFRN. aHVi]rrY CLAES REMARKSE

NUMBAR. WiDIIf CATION MOCEIS AND LEVEL DuBTC1ON A•1iNO
, OMAINCAlIRA) CAUS1S OPMB'nlAD PROVISIO•I

FIGURE 2-1: FMEA Worksheet Format

2.5 ANALYZING FAILURE EFFECTS

2.5.1 OVERVIEW

When the above three steps have been considered, the consequences of each potential
fa'lure on item operation, function, or status can now be identified evaluated and
recorded. Failure effects focus on the specific block diagram element which is affected by

the failure under consideration. The failure under consideration may impact several
indenture levels in addition to the one under investigation. Therefore, "local", "next
higher level", and "end" effects need to be evaluated. When determining failure effects,

mission objectives, maintenance requirements, and personnel and system safety should be

considered.

Local or Primary Effects - Local effects concentrate specifically on the impact an
assumed failure mode has on the operation and function of the item in the
indenture level under consideration. The consequences of each postulated failure
affecting the item shall be described along with any second-order effects which
result. The purpose of defining local effects is to provide a basis for evaluating
compensating provisions and for recommending corrective actions. It is possible for
the "local" effect to be the failure mode itself.
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Next Higher Level or Second•ry Effects - Next higher level effects concentrate on the
impact an assumed failure has on the operation and function of the items in the
next higher indenture level above the indenture level under consideration. The
consequences of each postulated failure affecting the next higher indenture level
shall be described. If analyzing a resistor on a circuit board, the effect that the failed
resistor has on the cards function would be described at this level.

End Qr System Lffects - End effects evaluate and define the total effect an assumed
failure has on the operation, function, or status of the uppermost system. The erd
effect described may be the result of a multiple failure. For example, failure of a
safety device may result in a catastrophic end effect only in the event that both the
prime function goes beyond the limit for which the safety device is set and the safety
device fails.

Failure Classification - Each failure mode should be evaluated in terms of the worst
potential consequences which may result. A code will be assigned describing the
worst possible incidence of this failure. This code is the severity classification code.
Severity classifications are assigned to provide a qualitative measure of the worst
potential consequences resulting from design error or item failure. A severity
classification is assigned to each identified failure mode and each item analyzed in
accordance with he loss statement below. Where it may not be possible to identify
an item or a failure mode according to the loss statements in the four categories
below, similar loss statements based upon loss of system inputs or outputs can be
developed and included in the FMEA. Severity classification categories which are
consistent with various military standards are defined as follows:

"* Category I - Catastrophic - A failure which may cause death or weapon
system loss.

"* Category II - Critical - A failure which may cause severe injury, major
property damage, or major system damage which will result in mission
loss.

" Category III - Marginal - A failure which may cause minor injury, minor
property damage, or minor system damage which will result in delay or
loss of availability or mission degradation.

"" Category IV - Minor - A failure not serious, enough to cause injury,
property damage, or system damage, but which will result in unscheduled
maintenance or repair.
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2.5.2 METHODS

After determining the item failure effects and severity class, the analyst should turn his

focus from simply identifying problem areas to resolving them. To do this he should

recommend ways to simplify the maintenance of failed items or identify system work-

arounds to compensate for failures. The FMEA analyst should identify failure detection,

isolation and compensation methods for each identified failure mode.

" Failure Detection Method - Describe the methods by which occurrence of a
failure mode is detected by the operator or maintenance personnel. The failure
detection means, such as visual or audible warning devices, automatic sensing
devices, sensing instrumentation, other unique indications, or none, should also
be identified here.

" Failure Isolation Method - Describe the most direct procedure that allows an
operator or maintenance personnel to isolate the failure. An operator will know
only the initial symptoms until further specific action is taken, such as
performing a more detailed built-in-test (BIT). The failure being considered in
the analysis may be of lesser importance or likelihood than another failure that
could produce the same symptoms but must still be considered. Fault isolatiokn
procedures require a specific action or series of actions by an operator, followed by
a check or cross reference either to instruments, control devices, circuit breakers,
or combinations thereof. This procedure is followed until a satisfactory course of
action is determined.

" Failure Compensation Method - Identify corrective design or other actions
required to eliminate the failure or control the risk. This step is required to
record the true behavior of the item in the presence of a failure. The analyst
should describe design compensating provisions that will: (1) nullify the effects
of a failure, (2) control or deactivate system items to halt generation or
propagation of failure effects, or (3) activate backup or standby items or systems.
Design compensating provisions can include redundant items that allow
continued and safe operation, safety or relief devices such as monitoring or
alarm provisions which permit effective operation or limit damage and
alternative modes of operation such as backup or standby items or systems.

Compensating provisions which require operator action to circumvent or mitigate the

effect of the postulated failure shall be described. The compensating provision that best

satisfies the indication observed by an operator when the failure occurs shall be

determined. This may require the investigation of an interface system to determine the

most correct operator action. The consequences of any probable incorrect action by the
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operator in response to an abnormal indication should be considered and the effects
recorded along with the following:

(1) Identify effects of corrective actions or other system attributes, such as
requirements for logistics support.

(2) Document the analysis and summarize the problems which could not be

corrected by design and identify the special controls which are necessary to
reduce the failure risk.

2.5.3 APPROACH

Variations in design complexity and available data will generally dictate the analysis
approach to be used. There are two primary approaches for accomplishing an FMEA. One
is the hardware approach which lists individual hardware items and analyzes their
possible failure modes. The other is the functional approach which recognizes that every
item is designed to perform a number of functions that can be classified as outputs. The
outputs are listed and their failure modes analyzed. For complex systems, a combination
of the functional and hardware approaches may be considered. The FMEA may be
performed as a hardware analysis, a functional analysis, or a combination analysis and is
ideally initiated at the part, assembly or functional level and proceeds through increasing
indenture levels until the FMEA for the system is complete.

" Functional FMEA Approach - The functional approach is normally used when
hardware items cannot be uniquely identified. Each identified failure mode is
assigned a severity classification which can be utilized during design iterations to
establish priorities for corrective actions. The functional FMEA should
commence after the design process has delivered a functional block diagram of
the system but has not yet identified a specific hardware implementation. It is
the first FMEA to be performed and should be updated throughout the design
iteration process or as corrective actions are implemented.

" Hardware FMEA Approach - The hardware approach is normally used when
hardware items can be uniquely identified from schematics, drawings, and other
engineering and design data. The hardware approach is normally utilized in a
part level up fashion. Each identified failure mode is assigned a severity
classification which will be utilized during design to establish priorities for
corrective actions. The hardware FMEA should commence after the design
process has delivered a schematic diagram with all system items or parts defined.
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This is usually the final FMEA for the design but should be updated whenever
design changes or corrective actions occur. This includes changes that occur
following system deployment.

2.6 RANKING CRITICALITY

2.6.1 OVERVIEW

The purpose of the Criticality Analysis (CA) is to rank each potential failure mode

identified by the FMEA according to the combined influence of severity classification and
its probability of occurrence based upon the best available data. The CA is an analysis
procedure whereby a relative measure of the significance of the effect of a failure mode on

the successful operation of a system can be obtained. It is completed after the local, next
higher level and end effects of a failure have been determined by the FMEA. The

combined analysis is called Failure Mode, Effects and Criticality Analysis (FMECA).

2.6.2 CA ANALYSIS APPROACH

The analysis approach to be used for the CA will generally be dictated by the
availability of specific configuration data and failure rate data. There are two approaches

for accomplishing the CA. The qualitative approach is appropriate when specific failure
rate data are not available. The failure probability levels, when used, should be modified
as the system design evolves. As parts configuration data and failure rate data become

available, criticality numbers should be calculated and incorporated in the analysis. This is
referred to as the quantitative approach and is used when failure rate data becomes

available.

2.6.2.1 QUALITATIVE APPROACH

Failure modes identified in the FMEA are assessed in terms of probability of occurrence
levels, when specific parts configuration or failure rate data -re not available. Individual

failure mode probabilities of occurrence are grouped into distinct, logically defined levels,

which establish the qualitative failure probability level for entry into the appropriate CA
worksheet (Figure 2-2) column. Probability of occurrence levels are very subjective and
may require indepth knowledge of the system to make an educated -'udgement. A good set
of guidelines are defined as follows:
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Level A - Freuent. A high probability of occurrence during the item
operating time interval. High probability may be defined as a single failure
mode probability greater than 0.20 of the overall probability of failure during
the item operating time.

Level B - Reasonably probable. A moderate probability of occurrence during
the item operating time interval. Probable may be defined as a single failure
mode probability of occurrence which is more than 0.10 but less than 0.20 of
the overall probability of failure during the item operating time.

Level C - Occasional. An occasional probability of occurrence during item
operating time interval. Occasional probability may be defined as a single
failure mode probability of occurrence which is more than 0.01 but less than
0.10 of the overall pi.)bability of failure during the item operating time.

Level D - Remote. An unlikely probability of occurrence during item
operating time interval. Remote probability may be defined as a single failure
mode probability of occurrence which is more than 0.001 but less than 0.01 of
the overall probability of failure during the item operating time.

Level E - Extremely Unlikely.. A failure whose probability of occurrence is
essentially zero during the item operating time interval, Extremely unlikely
may be defined as a single failure mode probability of occurrence which is less
than 0.001 of the overall probability of failure during the item operating time.

2.6.2.2 QUANTITATIVE APPRQACH

Failure modes identified in the FMEA are assessed and ranked in terms of a criticality

number which is computed using failure rate and probability of occurrence data. The

failure rate data source used for the quantitative approach to CA should be the same as that

used during the reliability prediction. If a reliability prediction was not required or a

failure rate data source has not been specified, failure rates may be derived from MIL-

HDBK-217, NPRD-91 or some alternative reliability data source. The calculation of a

criticality number or assignment of a probability of occurrence level and its documentation

are accomplished by completing a CA worksheet. An example of a CA worksheet format

is shown in Figure 2-2.
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CRITICALITY ANALYSIS

SYSTFM DATE_
IDENTURE LEVEL SHEET - OF--
REFERENCE DRAWING COMPILED BY
MISSION APPROVED BY
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(NIOl CItAIFI .RC CAUAR MOOG FAILME RTEA RATIO' (a) (Xp) (1) C.- 0rpa

FIGURE 2-2: Criticality Analysis Worksheet

The following describe the data elements necessary to perform either a qualitative or

quantitative criticality analysis:

Failure Probability/Failure Rate Data Source - When a qualitative CA is performed,
failure modes are assessed in terms of probability of occurrence, the failure
probability of occurrence level must be shown in this column. When failure rate
data are available, a quantitative CA can be performed and criticality numbers may
be calculated. In this case, the data source of the failure rates used in each
calculation shall be listed in this column. When a failure probability is listed, the
remaining columns are not required and the next step will be the construction of a
criticality matrix (Figure 2-3).
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CRITICALITY MATRIX INCREASING
CRITICALITY

(HIGH)

A _ _

C4

E

(LOW) ,*

IV III I

SEVERITY CLASSIFICATION
(INCREASING LEVEL OF SEVERITY-

*NOTE: BOTH CRITICALITY (Or) AND PROBABILITY OF OCCURRENCE

ARE SHOWN FOR CONVENIENCE

FIGURE 2-3: Criticality Matrix

Failure Effect Probability (M.. The 10 values are the conditional probability that the
failure effect will result in the identified criticality classification, given that the
failure mode occurs. The P3 values represent the analyst's judgment as to the
conditional probability the loss will occur and should be quantified in general
accordance with the values in TABLE 2-1.

TABLE 2-1: Typical Failure Effect Probabilities (P)

FAILURE EFFECT VALUE

Actual Loss 1.00

Probable Loss > 0.10 to < 1.00

Possible Loss > 0 to 0.10

No Effect 0

Failure mode ratio (a•) - The fraction of the part failure rate (Xp ) related to the

particular failure mode under consideration shall be evaluated by the analyst and
recorded here. The failure mode ratio is the probability expressed as a decimal
fraction that the part or item will fail in the identified mode. FMD-91 provides
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these probabilities for many component and assembly types. If all potential failure
modes of a particular part or item are listed, the sum of the 0X values for that part or
item will equal one. Individual failure mode multipliers may be derived from
failure rate source data, from test and operational data or from FMD-91. If failure
mode data are not available, the cc values shall represent the analyst's judgement
based upon an analysis of the item's functions.

To illustrate the manner in which data contained in this document can be used to derive
failure mode distributions, consider a hypothetical circuit utilizing the following part

types:

IC Digital, SSI/MSI

IC Digital, Memory, EAPROM

FMECA's require a distribution of only failure modes and not failure

mechanisms/special cause failure types. Since many distributions contained in this

document include failure mechanisms and special cause failure types, modification of

existing distributions is required before useful FMECA distributions can be established.
The process for re-normalizing FMD-91 failure distributions for application to FMECA is as

follows:

"* Determine which failure descriptions are detectable external to the item under

analysis.

"* Ignore all failure probabilities associated with items not meeting the criteria

above.

Equally distribute the ignored failure probabilities among the remaining FMECA

applicable failure modes.

This procedure results in normalized failure mode distributions which total 100%. In
a criticality analysis, it is important to have probabilities which total 100% because failure

rate is an important weighting factor. To exclude portions of an item's failure rate would
reduce that item's impact in the criticality rankings. Table 2-2 illustrates this process for

the part types shown above (as listed in Section 3). Failure mode distributions applicable to

FMECA's were derived using this process and are presented in Section 2.8.
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TABLE 2-2: Re-normalizing FMD-91 Distributions
Part Type Distribution from Application to FMECA

Failure Mode/Mech Section 3 FMECA's Distribution
IC Digital, SSI/MSI

(Page 3-113)
Output Stuck High 38.4 X 55.6
Open 18.7 X 27.1
Drift 13.2 --
Shorted 12.0 X 17.3
Electrical Overstress 7.7 --
Cracked/Fractured 7.4
Erroneous Output 2.5

IC Digital, Memory, EAROM
(Page 3-110)
Contaminated 62.5
Output Stuck Low 12.5 X 50.0
Improper Memory Patterns 12.5 X 50.0
High Leakage Current 12.5 -"

Integrated circuits are used in this example since they are one of the part types that have
many entries of failure mechanisms mixed with failure modes.

Part failure rate (Xp). - The part failure rate (Xp) from the appropriate reliability
prediction or failure rate data source such as NPRD-91 shall be listed.

Operating time (t) - The operating time in hours or the number of operating cycles
of the item per mission shall be derived from the system definition and listed on
the worksheet.

Failure mode criticality number (Cm) - The value of the failure mode criticality
number (Cm) is calculated and listed on the worksheet. (Cm) is the portion of an
items criticality number due to the single failure mode under investigation for a
particular severity classification. For each particular failure mode severity
classification, the (Cm) is calculated with the following formula:

Cm = p3cckpt
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where:

Cm = Criticality number for failure mode.

0 = Conditional probability of mission loss.

(X = Failure mode ratio from FMD-91.

Xp = Part failure rate from MIL-HDBK-217 or NPTD-91.

t = Duration of applicable mission phase usually expressed in
hours or number of operating cycles.

Item criticality numbers (Cr) - The second criticality number calculation is for the
item under analysis. Item criticality numbers (Cr) for each system item under
investigation is calculated and listed on the worksheet. An item may be considered
a component, circuit card, assembly or function depending on the detail of analysis
or level of indenture which the FMECA is being performed. For a particular
severity classification and mission phase, the (Cr) for an item is the sum of the
failure mode criticality numbers, (Cm), under the severity classification and may
also be calculated using the following formula:

j j
Cr = I (D(,Xpt)n n = 1, 2,3,. .. j or Cr= 7 (Cm)n

n=1 n=1

where:

Cr = Criticality number for the item.
n = The failure modes in the items that fall under a particular

severity classification.

j= Last failure mode in the item under the severity classification.

2.6.3 CRITICALITY MATRIX

The criticality matrix provides a means of identifying and comparing each failure mode
to all other failure modes with respect to severity. The matrix is constructed by inserting
item or failure mode identification numbers in matrix locations representing the severity
classification category and either the probability of occurrence level or the criticality
number (Cr) for the item's failure modes. The resulting matrix display shows the
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distribution of criticality of item failure modes and provides a tool for assigning corrective
action priorities. As shown in Figure 2-3, the further along the diagonal line from the

origin the failure mode is recorded, the greater the criticality and the more urgent the need

for implementing corrective action. The example criticality matrix in Figure 2-3 illustrates
how either the criticality number (Cr) or probability of occurrence level can be used for the

vertical axis.

2.7 SUMMARY

The FMEA is an essential design evaluation procedure which should not be limited to

the phase traditionally thought of as the design phase. The initial FMEA should be done

early in the conceptual phase when design criteria, mission requirements, and conceptual

designs are being developed to evaluate the design approach and to compare the benefits of

competing design configurations. The FMEA will provide quick visibility of the more

obvious failure modes and identify potential single failure points, some of which can be

eliminated with minimal design effort. As the mission and design definitions become

more refined, the FMEA can be expanded to successively more detailed levels. When

changes are made in system design to remove or reduce the impact of the identified failure
modes, the FMEA should be repeated for the redesigned portions to ensure that all

predictable failure modes in the new design are considered.

The CA is a procedure for associating failure probabilities with each failure mode.

Since the CA supplements the FMEA and is dependent upon information developed in

that analysis, it should not be performed without the FMEA. The CA is valuable in

maintenance and logistics support analyses since failure modes which have high criticality

numbers require investigation to identify changes which will reduce the potential impact

on maintenance and logistic support requirements for the system. Since the -riticality

numbers are established subjectively, they should be used judiciously as indicators of

relative priorities.
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2.8 NORMALIZED FAILURE MODE DI5TRIBUTIONS FOR FMECA

Failure Mode

Device Type Failure Mode oaility (o )
Probability (ax)

Accumulator Leaking .47
Seized .23
Worn .20
Contaminated .10

Actuator Spurious Position Change .36
Binding .27
Leaking .22
Seized .15

Adapter Physical Damage .33
Out of Adjustment .33
Leaking .33

Alarm False Indication .48
Failure to Operate on Demand .29
Spurious Operation .18
Degraded Alarm .05

Antenna No Transmission .54
Signal Leakage .21
Spurious Transmission .25

Battery, Lithium Degraded Output .78
Startup Delay .14
Short .06

1 Open .02
Battery, Lead Acid Degraded Output .70

Short 20
Intermittent Output .10

Battery, Rechargeable, Ni-Cd Degraded Output 72
No Output .28

Bearing BiNding/Sticking .50
Excessive Play 43
Contaminated .07

Belt Excessive Wear .75
Broken .25

Blower Assembly Bearing Failure .43
Sensor Failure .16
Blade Erosion .15
Out of Balance .10
Short Circuit .07
Switch Failure .07

Table 2.8 represents RAC's interpretation of the data contained in Sedtion 3.0 of this
report. It is recommended that the reader understand the assumptions used to derive
these prubabilities prior to applying them in a FMECA. Users may Jerform their own
normalization procedure of Section 3.0 data.
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Failure Mode
Device Type Failure Mode Probability (a)

Brake Excessive Wear .56
Leaking .23
Scored .11
Corroded .05
Loose .05

Bushing Excessive Wear .85
Loose .11
Cracked .04

Cable Short .45
Excessive Wear .36
Open .19

"Capacitor, Aluminum, Short .53
Electrolytic, Foil Open .35

Electrolyte Leak .10
Decrease in Capacitance .02

Capacitor, Ceramic Short .49
Change in Value .29
Open .22

Capacitor, Mica/Glass Short .72
Change in Value .15
Open .13

Capacitor, Paper Short .63
Open .37

Capacitor, Plastic Open .42
Short .40
Change in Value .18

Capacitor, Tantalum Short .57
Open .32
Change in Value .11

Capacitor, Tantalum, Short .69
Electrolytic Open .17

Change in Value .14
Capacitor, Variable, Piston Change in Value .60

Short .30
Open .10

Chopper Contact Failure .48
Short .25
Open .25
Coil Failure .02

Circuit PFe-,aker Opens Without Stimuli .51
Does Not Open .49

Clutch Binding/Sticking .56
Slippage .24
No Movement .20

Table 2.8 represents RAC's interpretation of the data contai~ied in Section 3.0 of this1
report. It is recommended that the reader understand the assumptions used to derive j
these probabilities prior to applying them in a FMECA. Users may perform their awn

normalization procedure of Section 3.0 data. j
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Failure Mode
Device Type Failure Mode Probability (a)

Coil Short .42
Open .42
Change in Value .16

Computer System Hardware Failure .57
Software Failure .43

Connector/Connection Open .61
Poor Contact/Intermittent .23
Short .16

Controller, Electromechanical Erroneous Output .75
Loss of Control .25

Counter Assembly Inaccurate Count .91
Seized .09

Crystal, Quartz Open .89
No Oscillation .11

Diode, General Short .49
Open .36
Parameter Change .15

Diode, Rectifier Short .51
Open .29
Parameter Change .20

Diode, SCR Short .98
Open .02

Diode, Smali Signal Parameter Change .58
Open .24
Short .18

Diode, Thyristor Failed Off .45
Short .40
Open .10
Failed On .05

Diode, Triac Failed Off .90
Failed On .10

Diode, Zener, Voltage Parameter Change .69
Reference Open .18

Short .13
Diode, Zener, Voltage Open .45
Regulator Parameter Change .35

Short .20
Electric Motor, AC Winding Failure .31

Bearing Failure .28
Fails to Run, After Start .23
Fails to Start .18

Table 2.8 represents RAC's interpretation of the data contained in Section 3.0 of this1
report. It is recommended that the reader understand the assumptions used to derive[
these probabilities prior to applying them in a FMECA. Users may perform their own
normalization procedure of Section 3.0 data. ,
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Failure Mode
Device Type Failure Mode Probability (ax)

Fitting Leaking .90
Contaminated .05
Scored .05

Fuse Fails to Open .49
Slow to Open .43
Premature Open .08

Gasket/Seal Leaking 1.00
Gear Excessive Wear .54

Binding/Sticking .46
Generator Degraded Output .60

No Output .22
Fails to Run, After Start .09
Loss of Control .09

Hybrid Device Open Circuit .51
Degraded Output .26
Short Circuit .17
No Output .06

Injector Corroded .87
Deformed .08
Cracked/Fractured .05

Inner Tube Leaking 1.00
Keyboard Assembly Spring Failure .32

Contact Failure .30
Connection Failure .30
Lock-up .08

Lamp/Light No Illumination .67
Loss of Illumination .33

Liquid Crystal Display Dim Rows .39
Blank Display .22
Flickering Rows .20
Missing Elements .19

Mechanical Filter Leaking .67
Clogged .33

Meter Faulty Indication .51
Unable to Adjust .23
Open .14
No Indication .12

Microcircuit, Digital, Bipolar Output Stuck High .28
Output Stuck Low .28
Input Open .22

1 Output Open .22

Table 2.8 represents RAC's interpretation of the data contained in Section 3.0 of this
report. It is recommended that the reader understand the assumptions used to derive[
these probabilities prior to applying them in a FMECA. Users may perform their own
normalization procedure of Section 3.0 data. J
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Failure Mode
Device Type Failure Mode Probabilit N)

Microcircuit, Digital, MOS Input Open .36
Output Open .36
Supply Open .12
Output Stuck Low .09
Output Stuck High .08

Microcircuit, Interface Output Stuck Low .58
Output Open .16
Input Open .16
Supply Open .10

Microcircuit, Linear Improper Output .77
No Output .23

Microcircuit, Memory, Slow Transfer of Data .79
Bipolar Data Bit Loss .21
Microcircuit, Memory, MOS Data Bit Loss .34

Short .26
Open .23
Slow Transfer of Data .17

Microwave Amplifier No Output .90
Limited Voltage Gain .10

Microwave Antenna No Transmission 1.00
Microwave Attenuator Attenuation Increase .90

Insertion Loss .10
Microwave Connector High Insertion Loss .80

Open .20

Microwave Detector Power Loss .90
No Output .10

Microwave, Diode Open .60
Parameter Change .28
Short .12

Microwave Filter Center Frequency Drift .80
No Output .20

Microwave Mixer Power Decrease .90
Loss of Intermediate Frequency .10

Microwave Modulator Power Loss .90
No Output .10

Microwave Oscillator No Output .80
Untuned Frequency .10
Reduced Power .10

Microwave VCO No Output .80
Untuned Frequency .15
Reduced Power .05

Table 2.8 represents RAC's interpretation of the data contained in Section 3.0 of this
report. It is recommended that the reader understand the assumptions used to derive
these probabilities prior to applying them in a FMECA. Users may perform their own
normalization procedure of Section 3.0 data.
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Failure Mode
Device Type Failure Mode Probability (x)

Microwave YIG No Output .80
Untuned Frequency .15
Reduced Power .05

Microwave Phase Shifter Incorrect Output .90
No Output .10

Miciowave Polarizer Change in Polarization 1.00
Optoelectronic LED Open .70

Short .30
Optoelectronic Sensor Short .50

Open .50
Pneumatic Actuator Spurious Closing .54

Spurious Opening .46
Power Supply No Output .52

Incorrect Output .48
Printed Wiring Assembly Open .76

Short .24
Pump, Centrifugal No Output .67

Degraded Output .33
Pump, Hydraulic Leaking .82

Improper Flow .12
No Flow .06

Regulator Stuck Closed .23
Stuck Open .23
No Output .22
Leaking .22
Insufficient Output .10

Relay Fails to Trip .55
Spurious Trip .26
Short .19

Resistor, Composition Parameter Change .66
Open .31
Short .03

Resistor, Fixed Open .84
Parameter Change .11
Short .05

Resistor, Fixed, Film Open .59
Parameter Change .36
Short .05

Resistor, Fixed, Wirewound Open .65
Parameter Change .26
Short .09

Resistor, Network Open .92
Short .08

Table 2.8 represents RAC's interpretation of the data contained in Section 3.0 of this
report. It is recommended that the reader understand the assumptions used to derive
these probabilities prior to applying them in a FMECA. Users may perform their own
normalization procedure of Section 3.0 data.
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Failure Mode
Device Type Failure Mode Probabilit %)Probabili (L•

Resistor, Thermistor Open .63
Parameter Change .22
Short .15

Resistor, Variable Open .53
Erratic Output .40
Short .07

Rotary Switch Improper Output .53
Contact Failure .47

Screw Loose .67
Excessive Wear .33

Sensor Erratic Output .59
Short .20
Open .12
No Output .10

Software Design Changes .46
Design Errors .41
User Error .07
Documentation Error .06

Solenoid Short .52
Slow Movement .43
Open .. 05

Switch, Push-button Open .60
Sticking .33
Short .07

Switch, Thermal Parameter Change .63
Open .27
No Control .08
Short .02

Switch, Toggle Open .65
Sticking .19
Short .16

Synchro Winding Failure .45
Bearing Failure .33
Brush Failure .22

Tire Leaking .76
Excessive Wear .24

Transducer, Sensor Out of Tolerance .68
False Response .15
Open .12
Short .05

I Table 2.8 represents RAC's interpretation of the data contained in Section 3.0 of this
report. It is recommended that the reader understand the assumptions used to derive
these probabilities prior to applying them in a FMECA. Users may perform their own
normalization procedure of Section 3.0 data.
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Failure Mode
Device Type Failure Mode raility Mode

Probability (a•)

Transformer Open .42
Short .42
Parameter Change .16

Transistor, Bipolar Short .73
Open .27

Transistor, FET Short .51
Output Low .22
Parameter Change .17
Open .05
Output High .05

Transistor, GaAs FET Open .61
Short .26
Parameter Change .13

Transistor, R.F. Parameter Change .50
Short .40
Open .10

Tube, Electron Change in Parameter .53
Open .25
Unstable Output .15
Short .07

Tube, Traveling Wave Reduced Output Power .71
High Helix Current .11
Gun Failure .09
Open Helix .09

Valve, Hydraulic Leaking .77
Stuck Closed .12
Stuck Open .11

Valve, Pneumatic Leaking .28
Stuck Open .20
Stuck Closed .20
Spurious Opening .16
Spurious Closing .16

Valve, Relief Premature Open .77
Leaking .23

Table 2.8 represents RAC's interpretation of the data contained in Section 3.0 of this
report. It is recommended that the reader understand the assumptions used to derive
these probabilities prior to applying them in a FMECA. Users may perform their own
normalization procedure of Section 3.0 data.
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The following list indicates how RAC derived the normalized failure mode

distributions for FMECA presented in 2.8 by using the detailed data from Section 3.0. In

some instances several failure mechanism descriptions from the Section 3.0 tables were

combined and classified in terms of their most likely failure mode. For example,

cracked/fractured and broken would be merged and classified as leaking for a liquid storage

device like an accumulator. Also, certain failure descriptors which were deemed not
applicable to a failure mode distribution were deleted and not considered at all. When

items were deleted, the failure distributions from section 3.0 no longer add up to 100%. In
these instances, the total percentage of remaining failure distribution used to compile the
normalized failure mode distributions, depicted in this section, are indicated along with a

description of the failures which were deleted. Also shown is the page number
corresponding to the detailed failure distribution from section 3.0. The format for this list

is part type, summary (if derived from a summary record), page number from section 3.0,
percent remaining following deletions and deviations or assumptions used to derive the

FMECA distribution:

Accumulator, (Summary), 3-1, 100%, Cracked/Fractured, Broken and leaking merged.

Actuator, (Summary), 3-2, 84.5%, Spurious position change and drift merged and aged/deteriorated and shorted deleted (not applicable to

device).

Adapter, 3-4 100%, Seal/Gasket failure classified as leaking and broken classified as physical damage.

Alarm, (Summary), 3-4, 100%, No operation and fails to operate on demand merged and intermitteni operation classified as spurious
operation.

Antenna, 3-7, 91%, Broken and cracked/fractured merged and classified as no transmission. Intermittent operation and bent/dented/warped
merged and classified as spurious transmission. Binding/sticking deleted.

Battery, Lithium, 3-10, 95%, Deleted leaking (not characteristic of normal failure).

Battery, Lead-Acid, 3-10, 90.9%, Deleted Cracked/Fractured (abuse related).

Battery, Ni-Cd, 3-10, 100%, No Change.

Bearing, (Summary), 3-11, 79.1%, Loss of lubrication merged into binding/sticking. Worn merged into excessive play. Out of adjustment and
leaking deleted.

Belt, 3-15, 100%, No Change.

Blower Assembly, 3-15, 71.4%, Deleted Mechanical Failure.

Brake, 3-19, 70%, Deleted broken and out of adjustment (too generic).

Bushing, (Summary), 3-23, 90.7%, Merged worn with aged/deteriorated and classified as excessive wear. Merged excessive play into loose.
Merged broken with cracked/fractured, Deleted out of adjustment.

Cable, 3-25, 100%, Merged cracked/fractured, worn, broken, and chaffed into excessive wear. Merged arcing/sparking into shorted.

Capacitor, Aluminum, Electrolytic, Foil, 3-29, 100%, No change.

Capacitor, Ceramic, 1-30, 94.5%, Drift classified as change in value. Contaminated (failure mechanism) and leaking deleted.
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Capacitor, Mica/Glass, 3-31, 100%, Change in capacitance merged into change in value.

Capacitor, paper, 3-32, 100%, No change.

Capacitor, plastic, 3-33, 100%, Drift clasbAifld as change in value. Intermittent operation deleted.

Capacitor Tantalum, Electrolytic, (Summary) 3-34, 95.4%, Merge loss of capacitance and drift into change in value. Merge high leakage
current into shorted. Delete intermittent operation.

Capacitor, Variable, Piston, 3-34, 100%, No change.

Chopper, 3-37, 100%, No change.

Circuit Breaker, 3-37, 53.8%, Delete degraded operation, cracked/fractured, broken and mechanical failure (abuse related).

Clutch, (Summary), 3-41, 86.2%, Merge worn, bearing failure and binding/sticking. Merge loss of torque and slipping and i'lassify as
slippage. Delete degraded output.

Coil, (Summary), 3-42, 90.8%, Merge insulation failure with short. Delete lead damage and wire failure (too generic).

Computer System, 3-45, 100%, No change.

Connector, (Summary), 3-45, 55.1%, Delete mechanical failure, mechanical damage, broken and insertion loss.

Controller, Electromechanical, 3-50, 100%, No change.

Counter Assembly, 3-51, 100%, Merge binding/sticking, slipping, excessive play, out of adjustment and out of synch and classify as
inaccurate count.

Crystal, Quartz, 3-56, 100%, No change.

Diode, General, (Summary), 3-57, 82.0%, Delete Mechanical failure, intermittent operation, burned/charred and lead damage.

Diode, Rectifier, (Summary), 3-59, 91.2%, Delete diode failure, electrical overstress and corroded.

Diode, SCR, 3-61, 100%, No change.

Diode, Small Signal, (Summary), 3-61, 83.6%, Deleted intermittent operation, seal failure, change in resistance and cracked/fractured (not
characteristic of normal failure).

Diode, Thyristor, (Summary), 3-62, 100%, No change

Diode, Triac, 3-62, 100%, No change.

Diode, Zener, Voltage, Reference, 3-63, 97.5%, Drift classified as parameter change. Intermittent operation and mechanical damage
deleted.

Diode, Zener, Voltage, Regulator, 3-64, 100%, Drift classified as parameter change.

Electrical Motor, AC, (Summary), 3-67, 77.4%, Deleted mechanical failure and electrical failure (too generic).

Fitting, 3-77, 100%, Merged cracked/fractured, broken and aged/deteriorated into leaking.

Fuse, 3-78, 60.3%, Deleted blown fuse, opened, loss of power and mechanical failure.

Gasket/Seal, 3-80, 100%, Merge all failures listed into leaking.

Gear, 3-81, 96.4%, Merge worn, stripped and broken and classify as excessive wear. Merge jammed/stuck into binding/sticking. Delete
displaced and noisy.

Generator, (Summary), 3-85, 82.8%, Merge drift into degraded operation. Delete shorted and worn.

Hybrid, 3-100, 91.5%, Delete broken. Merge improper output and degraded operation into degraded output.

Injector, 3-119, 100%, No change.

Inner Tube, 3-119, 100%, Merge all failures listed into leaking.

Keyboard, 3-121, 74.1%, Merge wiring & connection failure into connection failure. Delete mechanical failure.
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Lamp, 3-121, 92.3%, Merge lamp failure, opened and no output and classify aq no illumination. Merge worn into loss of illumination. Delete
burned/charred (external cause) and broken.

Liquid Crystal Display, 3-132, 84.8%, Merge zebra strip and missing rows and classify as missing elements. Classify IC failures as blank

display. Delete manufacturing defects.

Mechanical Filter, (Summary), 3-133, 80.1%, Merge improper flow into clogged. Delete loss of control.

Meter, 3-134, 86.2%, Merge spurious/false operation and drift and classify as faulty indication. Delete broken.

Microcircuit, Digital, Bipolar, 3-107, 100%, No change.

Microcircuit, Digital, MOS, 3-109, 100%, No change.

Microcircuit, Interface, 3-115, 100%, Microcircuit Interface equals IC, linear, line driver.

Microcircuit, Linear, 3-114, 98.2%, Merge drCt with degraded operation and classify as improper output. Merge opened and shorted into no
output. Delete mechanical failure.

Microcircuit, Memory, Bipolar, 3-107, 100%, Degraded operation classified as slow transfer of data.

Microcircuit, Memory, MOS, 3-110, 94.4%, Delete mechanical failure. Degraded operation classified as slow transfer of data.

Microwave, Amplifier, 3-6, 100%, Drift classified as limited voltage gain.

Microwave, Antenna, 3-7, 100%, Connection failure classified as no transmission.

Microwave, Attenuator, 3-8, 50%, Delete overheated.

Microwave, Connector, 3-49, 100%, No changes.

Microwave, Detector, 3-57, 100%, Diode failure broken into constituent failure elements.

Microwave, Diode, (Summary), 3-58, 83.3%, Delete intermittent operation.

Microwave, Filter, 3-66, 100%, No changes.

Microwave, Mixer, 3-138, 100%, Diode failure broken into constituent failure elements.

Microwave, Modulator, 3-138, 100%, No changes.

Microwave, Oscillator, 3-143, 100%, No changes.

Microwave, VCO, 3-143, 100%, No changes.

Microwave, YIG, 3-144, 100%, No changes

Microwave, Phase Shifter, 3-138, 100%, No output broken into constituent failure elements.

Microwave, Polarizer, 3-138, 100%, No changes.

Optoelectronic, LED, 3-143, 100%, No changes.

Optoelectronic, Sensor, 3-143, 100%, No changes.

Pneumatic, Actuator, (Summary), 3-151, 100%, No changes.

Power Supply, (Summary), 3-154, 49.1%, Delete fails to transfer, distribution system malfunction, generation system malfunction and
connector failure. Merge degraded operation and incorrect voltage and cla-sify as incorrect output.

Printed Wiring Assembly, 3-156, 73.7%, Merge open plated through hole into opened. Delete IC, Resistor, Semiconductor and Capacitor
failures.

Pump, Centrifugal, (Summary), 3-159, 100%, Merge fails during operation and fails to start and classify as no output.

Pump, Hydraulic, (Summary), 3-163, 89.8%, Merge cracked/fractured into leaking. Merge out of spec. into Improper flow. Delete noisy and
intermittent operation. Classify no operation as no flow.

Relay, (Summary), 3-168 100%, Classify intermittent operation as spurious trip. Merge contact failure, high contact resistance and fails to
close and classify as fails to trip.
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Regulator, 3-167, 92%, Delete incorrect voltage.

Resistor, Fixed, 3-176, 92.2%, Delete broken and mechanical failure. Classify change in resistance as parameter change.

Resistor, Composition, 3-178, 72.3%, Delete moisture intrusion (failure mechanism), broken and lead defects. Classify drift as parameter
change.

Resistor, Fixed, Film, 3-178, 87.9%, Delete film imperfections, substrate defects (failure mechanism) and lead damage. Classify drift as
parameter change.

Resistor, Fixed, Wirewound, 3-179, 77.2%, Delhie wire failure, corroded (failure mechanism), mechanical failure and lead defects.
Classify drift as parameter change.

Resistor, Network, 3-180, 81.9%, Delete broken and intermittent operation.

Resistor, Thermistor, 3-181, 85.1%, Delete moisture intrusion (failure mechanism), mechanical failure and non-uniform resistance material.
Classify drift as parameter change.

Resistor, Variable, (Summary), 3-181, 96%, Merge spurious/false operation, high contact resisiance, intermittent operation and drift and
classify as erratic output. Delete mechanical failure.

Rotary Switch, 3-186, 100%, No change.

Screw, 3-187, 100%, No change.

Sensor, (Summary), 3-193, 92.4%, Merge degraded output and intermitent operation and classify as erratic output. Delete mechanical
failure.

Software, 3-205, 100%, No change.

Solenoid, 3-205, 100%, Merge binding/sticking and spring failure and classify as slow movement.

Switch, Pushbutton, 3-219, 100%, Classify contaminated as sticking.

Switch, Thermal, 3-221, 72.8%, Delete mechanical failure. Merge degraded operation and drift and classify as parameter change. Merge
no output and loss of control and classify as no control.

Switch, Toggle, 3-221, 52.5%, Delete mechanical failure and intermittent operation. Merge contact failure into opened. Merge spring
failure into sticking.

Synchro, 3-222, 100%, No change.

Tire, (Summary), 3-227, 92.1%, Delete broken, stripped and loose. Merge cut/scarred/punctured into leaking. Merge aged/deteriorated into
worn.

Transducer, Sensor, (Summary), 3-229, 88.3%, Delete burned/charred (caused externally). Merge out of adjustment and out of spec. into out of
tolerance. Merge spurious/false operation and intermittent operation into false response.

Transformer, (Summary), 3-231 89.7%, Merge degraded output and drift and classify as parameter change.

Transistor, Bipolar, (Summary), 3-247, 100%, Merge base-emitter shorted and collector-emitter shorted into shorted. Merge emitter opened

into opened.

Transistor, FET, (Summary), 3-248, 100%, Merge gate-source shorted into shorted.

Transistor, GaAs FET, 3-250, 92%, Delete Vr extraction.

Transistor, R.F., 3-251 100%, No change.

Tube, Electron, 3-253, 87.8%, Delete noisy, contaminated and leaking.

Tube, Traveling Wave, 3-253, 91.5%, Delete mechanical failure, noise/oscillations and poor focus.

Valve, Hydraulic, (Summary), 3-258, 100%, Merge closed into stuck closed. Merge opened into stuck open.

Valve, Pneumatic, (Summary), 3-263, 77.9%, Delete broken.

Valve, Relief, (Summary), 3-267, 75.3%, Delete drift, mechanical failure and open-close (not logical).

Reliability Analysis Center (RAC) 0 201 Mill St. Rome, NY 13440 * (315) 337-0900



SECTION 3
FAILURE DISTRIBUTION

SUMMARIES



""•ID-91 Failure Distribution Summaries 3-1
,.' " r •'. Faih/rŽ Noro Fail Oat
Mode/Mecl. Dist. Dint. Souro-s(s)/Detals

Acc 'rator Sourcee 1
nanical Failure± 71.2% "71.2% Mechanical (24992-000,71.4%)

Electr-,al Failure 2£.R% 28.8% ExLectrical (2499•-000,28.9%•

Ac. -meter "ources :1

.aaking 51.7% 50.5% Leaking (20609-000,Qty:1,426)

COit of Spec. 38.5% 37.6% Out of Tol3'rance (20ý09-000,Qty:1,060)

Binding/Sticking 9.7% 9.4% StIcV'ng (20609-000,Qty:266)

Spurious/False Operation 0.1% 0.3% Erratic (20609-000,Qty:4)

Unknown 2.3% Unknown (20609-000,oty:66)

Accumulator (Summary)
Leaking 33.3%
Seized 23.0%
Worn 20.3%
Broken 9.7%
Contaminated 9.3.%
Cracked/Fractured 4.3%

Ac.,," tor Sources :1

Leaning 28.3% 22.3% Leaking (20609-000,oty:78)

Seized 25.0% 19.7% Seized (20609-000,Qty:69)

Worn 22.1% 17.4% Worn Out (20609-000,Qty:61)

Broken 10.5% 8.3% Broken (20609-000,Qty:29)

Contaminated 10.1% 8.0% Contaminated (20609-000,Qty:28)

Cracked/Fractured 4.0% 3.1% Cracked/Fractured (20609-000,Qty:ll)

Unknown ------ 2..1% Unknown (20609-000,Qty:74)

Accumulator, Hydraulic Sources :1

L.aKing 75.9% 6(.7% Leaking (2u609-000,Qty:22)

Cracked/Fractured 6.9% b.1% Cra -d/Fra-tured (20609-000,Qty:2)

No Operation 6.9% 6.1% No Operation (20609-000,Qty:2)

Breach 3.4% 3.0% Breach (20609-000,Q..y:l)

Out of Spec. 3.4% 3.0% Out Of Specificatior (20609-000,Qty:l)

Stuck Closed 3.41ý J." i i'ck Closed (2?0609-000,Qty:l)

Unknown ------- 12..4 unknown (20609-000,Qty:4)
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Part !'alIure Norm Fa,!1 Data
)esc. Mode/Mecn Dis-. . D.i. s t . Source(o) Ieta1ais

ainding/Sc.ickinq 22,4
Sea /Gaske, i-aijure 1.8.5%
Spuri.ous Position Change 1,1.9%
Seized 12 9%
I')r il ft12.9%
Aged 'Dateriorated 10.31
Shorted 5.2%

Actuator Sources :4
Aged/Deterlorated 50.8% :3,5.6% Requires Oarhaujl (19542-000,6.7%., ixtcr!orated, Aged -

Seized (2 5101-000,0t'y:I)

Spuzrous F,-sition Change 11.3; 23.3% Catastrophic-Spurious Position Change (]8175-000,70.0%)

Canle Failure 6.4% 4.5% Cable Insulation Frayed (19542-000,6.7%), Cable Sleeve
Needs Fixinr. (19542-000,6.7%)

Switch Failure 3.9% 2.2% Thermal switch Found tc ()e Defective (19542-000,6.7%)

Oot of Adjustment 3.2% 2.2% Reqvires Adjuntment of TM (19542-000,6.7%)

Meýhanical Fai.lurf 3.2% 2.25 Bearing & Brake Rusted (19542-000,6.7%)

1inur>•. ..... ~16.7% Improper Configuration Should be -2 (19542-000,6.7%),
Improper Connector Installed (19542-000,6,7%), Safety Wire
Bracket Broken (19542-000,6.7%), Degraded - Premature Or
Delayed Actuation (18175-000,30.0%)

Unknown 13.3% Unknown (19542-000,40.0%)

Other 0--- 0%

Reduced Our.put NR Reduction in Output Force or Strok• (25036-000,NR)

Jammea/St.,ck NR Jamming-Contamination (25036-000,NR)

No O..tput NR No Output-Contamination (25036-000,NR)

Actuator, Assembly sources :!
Binding/Sticking 100.0% 1'0.0% Corroded-Binding/Sticking (25101-000,Qty:l),

Binding/Sticking (25101-000,Qty:i)

Actual.Cr,jD'ns. ream P:.essuru. Sources:1
Spurious Posl.ior Change 100.0% 70.0% Catastrophic-ipurious I-osition Change (18175-OC,,70.0%)

End';ced 30.0% Degraded - Premature Or Delayed Actuation (18175-000,30.0%)

Actuator, External Prerrjrr Sources:1
Spurious Positir- Change 100.0% 70.0% Catastrophic-Spurious Position Chat-n (1R175-000,70.0%)

ind•ced --- - 30.0% Degraded - Premature Or Delayed Actuation (18175-000,30.0%)
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Part , ailure Nn•rm FRiI Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Actuator, Fluid Head .. .. . .. .... So-urccss - -...... . . . ... . . . . . .. . . . .. ...........

Spurious Position ChAnge 100.0% 70.0% Catastrophic-Spur .ous Position Change (18175-CO0,70.0%)

Induced ------ 30.0% D4gqraded - Pr'omaura Or Deayed Actuation (182.75-000,30.C%)

Actuator, Gravity Sources:2.
Spurious Position Change 100.0% 70.0% (:atastrophic-Spurious Position Change (18175-000,70.0%)

Induced 103.0$ Degraded - Premature Or Delayed Actuation (18175-000,30.0%)

Pctuator,Piston,Cylinder Sources:l
Seal/Gasket Failure 79.5% 11.7% Leaks and Seal Failure (24996-000,66.0%)

Body/Head Joint Failure 10.8% 9.8% Failure of Body/Head Joint. (24996-000,9.0%)

Piston Rod Failure 6.0% 5.4% Failure and Piston Rod (24996-000,5.0%)

Cylinder Body Failure 3.6% 3.3% Failure of Cylinder Body (24996-000,3.0%)

Unknown ------ 9.8% Unknown (24996-000,9.0U)

Actuator, Solenoid Sources:l
Binding/Stickinq 40.0% 20.0% Binding (20609-000,Qty:2)

Shorted 40.0% 20.0% Short (20609-000,Qty:2)

Burned/Charred 20.0% 10.0% Furned (20609-000,Qty:l)

Unknown 50.0% Unknown (20609-000,Qty:1) (20609-000,Qty:4)

Actuator, Temp Regulator Sources:l
Spurious Position Change 100.0% 65.0% Catastrophic-Spurious Position Change (18175-000,65.0%)

Induced 35.0% Degraded - Premature Or Delayed Actuation (3.8175-000,35.C%)

Actuator, Transmit Force Sources:l
Seized 50.0% 50.0% Stopped (24992-000,50.0%)

Drift 50.0% 50.0% Drirt (24992-000,50.0%)

Acc.uator, Upstream Pressure Sources:l
Spurious Position Change lC0.0% 70.0% Catastrophic-Spurious Position Cnance (18175-000,70.0%)

Induced 30.0% Degraded - Premature 0: Delayed Actuation (18175-000,30.0%,
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Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Adapter Sources:l

Out of Adjustment 33.31 25.0% Out Of Adjustment - Inop/Unserviceable (25101-000,Qty:l)

Seal/Gasket Failure 33.3% 25.0% Seals Worn - Loose (25101-000,Qty:l)

Broken 33.3% 25.0% Broken/Damaged (25101-000,Qty:l)

Induced 25.0% Overtorqued - Leaking Nitrogen (25101-000,Qty:l)

Adapter,Fire Control Sources:l
Out of Adjustment 50.0% 42.9% Out Of Adjustment - Out Of Synch (25101-000,Qty:l), Out Of

Adjustment - Inaccurate (25101-000,Qty:2)

Worn 16.7% 14.3% Worn - Inaccurate (25101-000,Qty:l)

Loose 16.7% 14.3% Vibration - Loose (25101-000,Qty:l)

Broken 16.7% 14.3% Broken/Damaged (25101-000,Qty:l)

Unknown 14.3% Unknown (25101-000,Qty:l)

Adapter,Kit Sources:1
Out of Adjustment 90.9% 90.9% Out Of Adjustment - Inaccurate (25101-000,Qty:14), Out Of

Adjustment - Found In TI/PMCS/Insp (25101-000,Qty:6)

Inaccurate 4.5% 4.5% No Failure - Inaccurate (25101-000,Qty:l)

Loose 4.5% 4.5% Loose Nut(s) - Found In TI/PMCS/Insp (25101-000,Qty:l)

Adapter, Trunnion Sources:l
Out of Synch. 63.6% 58.3% Out Of Synch (25101-000,Qty:2) (25101-000,Qty:5)

Out of Adjustment 36.4% 33.3% Out Of Adjustment - Inaccurate (25101-000,Qty:3), Out Of
Adjustment (25101-000,Oty:l)

Unknown 8.3% Unknown (25101-000,Qty:l)

Alarm (Summary)
Spurious/False Operation 48.3%
Intermittent Operation 18.0%
No Operation 18.0%
Fails to Op. on Demand 10.5%
Deqraded Operation 5.2%

Alarm,Annunciator,Basic Sources:2

Spurious/False Operation 50.0% 50.0% False Alarms (24996-000,40.0%) (24997-000,40.0%)

Intermittent Operation 25.0% 25.0% Intermittent Operation (24996-000,20.0%) (24997-000,20.0%)

No Opration 25.0% 25.0% Fails To Operate (24996-000,20.0%) (24997-000,20.0%)
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Part Failure Norm Fail Data
Desc. Mode/Mech Diet. DieL. Source(s)/Details

Alarm, Annunciator,Module Sources:l
Fails to Op. on Demand 52.3% 15.0% Catastrophic-Fails To Operate On Demand (18175-000,45.0%)

Spurious/False Operation 40.7% 11.7% Catastrophic-Operates Spurious Or False Response
(18175-000,35.0%)

Degraded Operation 7.0% 2.0% Degraded (18175-000,3.0%) (18175-000,3.0%)

Unknown 68.7% Unknown (18175-000,12.0%) (18175-000,97.0%)
(18175-000,97.0%)

Induced 2.7% Degraded-Operates At Low Intensity (18175-000,5.0%),
Degraded-Erroneous Indication (18175-000,3.0%)

Alarm, Annunciator,Module, Isolating Sources:l
Fails to Op. on Demand 70.0% 70.0% Catastrophic-Fails To Operate On Demand (18175-000,70.0%)

Spurious/False Operation 30.0% 30.0% Catastrophic-Operates Spurious Or False Response
(18175-000,30.0%)

Alarm,Annunciator,Module, Relay Sources:1
Spurious/False Operation 56.8% 46.0% Catastrophic-Operates Spurious Or False Response

(18175-000,46.0%)

Fails to Op. on Demand 38.3% 31.0% Catastrophic-Fails To Operate On Demand (18175-000,31.0%)

Degraded Operation 4.9% 4.0% Degraded (18175-000,4.0%)

Unknown 19.0% Unknown (18175-000,19.0%)

Alarm,Annunciator,Module, Solid State (Visual) Sources:1
Spurious/False Operation 58.8% 55.0% Catastrophic-Operates Spurious Or False Response

(18175-000,55.0%) (18175-000,55.0%)

Degraded Operation 23.5% 22.0% Degraded (18175-000,22.0%) (18175-000,22.0%)

Fails to Op. on Demand 17.60 16.5% Catastrophic-Fails To Operate On Demand (18175-000,16.0%)
(18175-000,17.0%)

Unknown 6.5% Unknown (18175-000,6.0%) (18175-000,7.0%)

Alarm,Annunciator,Multiple or Sequence Sources:2
Spurious/False Operation 50.0% 40.0% False Alarms (24996-000,40.0%) (24997-000,40.0%)

Intermittent Operation 25.0% 20.0% Intermittent Operation (24996-000,20.0%) (24997-000,20.0%)

No Operation 25.0% 20.0% Failure to Operate (24996-000,20.0%) (24997-000,20.0%)

Unknown 20.0% Unknown (24996-000,20.0%) (24997-000,20.0%)
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Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Alarm, Buzzer, nunciator Module Sources.:1
Degraded Operation 49.0% 49.0% Degraded (18175-000,49.0%)

Fails to Op. on Demand 29.0% 29.0% Catastrophic-Fails To Operate On Demand (18175-000,29.0%)

Spurious/False Operation 22.0% 22.0% CaLastrophic-Operates Spurious Or False Response
(18175-000,22.0%)

Amplifier (Summary)
Shorted 50.0%
No Output 45.0%
Drift 5.0%

Amplifier,Microwave Sources:l
No Output 90.0% 90.0% Degraded transistor performance, no output

(25015-000,90.0%)

DLift 10.0% 10.0% Passive component drift, limited voltage gain
(25015-000,10.0%)

Amplifier,Wideband, GaAs FET Sources:1
Shorted 100.0% 100.0% Short (25001-000,Qty:l)

Annunciator Sources:1
Degraded Operation 60.3% 25.3% Degraded (18175-000,16.0%) (181.75-000,20.0%)

(18175-000,40.0%)

Fails to Op. on Demand 23.0% 9.7% Catastrophic-Fails To Operate On Demand (18175-000,29.0%)

Spurious/False Operation 16.7% 7.0% Catastrophic-Operates Spurious Or False Response
(18175-000,21.0%)

Unknown 58.0% Unknown (18175-000,4.0%) (18175-000,5.0%) (18175-000,10.0%)
(18175-000,75.0%) (18175-000,80.0%)

Annunciator,Solid State Sources:l
Spurious/False Operation 50.0% 50.0% Catastrophic-Operates Spurious Or False Response

(18175-000,50.0%)

Fails to Op. on Demand 33.0% 33.0% Catastrophic-Fails To Operate On Demand (18175-000,33.0%)

Out of Spec. 17.0% 17.0% Catastrophic-Out Of Limits (18175-000,17.0%)

Antenna (Summary)
Connection Failure 39.3%
Broken 19.8%
Leaking i 8%
Cracked/Fractured 9.8%
Bent/Dented/Warped 9.2%
Binding/Sticking 5.5%
Intermittent Operation 4.6%
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Part Failure Norm FailI Data
Dexc. Mode/Mech 0Jst., Dtst, Source(s)/Details

Antenna Sources :4

Broken 32.6% 16.0% Broken ý20609-000,Qty:2) (25q64.-000,Qty:b3)

Leaking 19.4% 10.0% Leaking Internal or E2xternal (25464-000,Qty:41)

Cracked/Fractured 16.2% H.3% Cracked/Fractured (20609-C00,Qty:4), Cracked
(25464-000,Qty:2)

Bent/DentediWarped 15.2% 7.8% Distorted (20609-000,Qty:2), Bent (20609-000,Qty:2)

Binding/Sticking 9.0% 4.6% Binding (20609-000,Qty-1), Binding Stuck or Jammed

(25464-000,Qty 11)

Intermittent Operation 7.6% 3.9% Intermittent (20609-000,Qty:2)

Unknown 37.3% Unknown (19542-000,100.0%) (20609-000,QLy:2)

Other (<%7) 11.2%
Worn 3.4% Worn, Chaffed, Frayed, or Torn (25464-000,Qty:14)

Corroded 3.4% Corroded Mild/Moderate (25464-000,Qty:14)

Out of Spec. 2.0% out Of Specification (20609-000,Qty:l)

Shorted 2.0% Short (20609-000,Qty:l)

Loose 0.2% Loose,Damaged,or Missing Har (25464-000,Qty:l)

High Volt. or Standing Wave 0.2% High Voltage or Standing Wave (25464-000,Qty:l)

Hardware Failure NR Power Loss (Hardware) (24997-000,NR)

Output Distortion NR Pattern Distortion (24997-000,NR)

Transmission Loss NR Transmission Loss (Atmosphere) (24997-000,NR)

Feeder Failure NR Feeder Malfunction (24997-000,NR) (24997-000,NR)

Mechanical Failure NR Mechanical Malfunction-Pedestal (24997-000,NR)

Loss of Control NR Control Malfunction (24997-000,NR)

Radiation Element Failure NR Radiation Elements (24997-000,NR)

Antenna,Microwave Sources l
Connection Failure 100.0% 100.0% Connection Deficency, No Transmission (25015-000,100.0%)

4rm, Link Sources:1

Loose 25.0% 16.7% Worn - Loose (25101-000,Qty:l)

Cracked/Fractured 25.0% 16.7% Cracked (25101-000,Qty:l)

Broken 25.0% 16.7% Out Of Adjustment - Broken/Damaged (25101-000,Qty:l)

Out of Adjustment 25.0% 16.7% No Failure - Out Of Adjustment (25101-000,Qty:l)

Induced 33.3% Caused By Other Failure-Cracked (25101-000,Qty:2)
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Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(a)/Details

Arm,Recoil Mechanism Sourcealz
Out of Adjustment 60.9% 45.2% Out Of Adjustment - Fnd In TI/PMCS/7NSP (25101-000,OLy:13),

Out Of Adjuntment - Out Of Synch (25101-000,Oty:l)

Aged/Deteriorated 21.7% 16.1% Deterioration/Aged - Broken/Damaged (25101-000,Qty:5)

Broken 13.0% 9.7% Broken/Damaged (25101-000,oty:l) (25101-000,Qty:2)

Cracked/Fractured 4.3% 3.2% Cracked (25101-000,Qty1l)

Induced 25.8% Caused By Other Failure-Fnd In TI/PMCS/INSP
(25101-000,otyi2), Broken/Damaged (25101-000,Oty:3),
Improper Maintenance - Broken/Damaged (25101-000,Qty:l),
Part Struck/Damaged - Cracked (25101-000,Qty:2)

Attenuator, Fixed, Microwave Sources:l
Overheated 50.0% 50.0% Overheated (25015-000,Qty:l) (25015-000,Qty:27)

(25015-000,10.0%) (25015-000,11.0%)

Attenuation Increase 45.0% 45.0% Attenuation Increase (25015-000,90.0%)

Insertion Loss 5.0% 5.0% Insertion Loss (25015-000,I0.0%)

Attenuator, Microwave Sources:l
Induced <0.1% Burnout-Electrical Overstress (24417-001,NR)

Other 100.0%
Mechanical Overstress NR Mechanical Overstrews (24417-001,NR)

Attenuator, Microwave, Voltage Controlled Sources:1
Attenuation Increase 80.0% 80.0% Increased Attenuation (Resistive burn out)

(25015-000,80.0%)

Diode Failure 20.0% 20.0% Degraded Diode (25015-000,20.0%)

Axal Sources:2

Chaffed 58.3% 43.8% Chaffed (20609-000,Qty:7)

Mechanical Damage 33.3% 25.0% Damaged (19542-000,50.0%)

Bent/Dented/Warped 8.3% 6.3% Distorted (20609-000,Qty:l)

Unknown 25.0% Unknown (19542-000,50.0%)

Ball Screw (Summary)
Binding/Sticking 20.8%
Out of Adjustment 20.8%
Broken 20.8%
Corroded 16.7%
Bearing Failure 12.5%
Bent/Dented/Warped 4.2%
Creep 4.2%
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3-10 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Much Dist. Dist, Source(s)/Details

Battery (continued)
Induced 4.0% K-] Miswired (19542-000,20.0%)

Other (<07) 8.7%

Unbtable Operation 5.7% Unstable (24992-000,28.6%)

Openrid 2.0% Catastrophic Open (24990-000,10.0%)

Contaminated 1.0% Contamination (24992-000,4.8%)

Battery, Lithium Sources:l

Degraded Operation 74.0% 74.0% Degraded (20609-000,74.0%)

Startup Delay 13.0% 13.0% Large Startup Delay (20609-000,13.0%)

Shorted 6.0% 6.0% Short (20609-000,6.0%)

Leaking 5.0% 5.0% Leaking (20609-000,5.0%)

Opened 2.0% 2.0% Open (20609-000,2.0%)

Battery, Non-Rechargeable, Lead Acid Sources:l
Out of Spec. 63.6% 43.8% Out of Specification %20609-000,oty:7)

Shorted 18.2% 12.5% Short (20609-000,Qty:2)

Cracked/Fractured 9.1% 6.3% Cracked/Fractured (20609-000,Qty:1)

Intermittent Operation 9.1% 6.3% Intermittent (20609-000,oty:1)

Unknown 31.3% Unknown (20609-000,Qty:5)

Battery, Rechargeable, Ni-Cd Sources:3
Degraded Output 72.0% 72.0% Degraded - Low Output Given Challenge (18175-000,NR)

(18175-000,NR), Degraded - Low Output During Test
(18175-000,71.0%) (18175-000,73.0%)

No Output 28.0% 28.0% Degraded - No Output During Test (18175-000,27.0%)
(18175-000,29.0%)

Unknown <0.1% Unknown (18175-000,NR) (18175-000,NR)

Other 0.0%

Loss of Volt. NR Loss of voltage, End of Life (24996-000,NR) (24997-000,NR)

Shorted NR Internal Short (24996-000,NR) (24997-000,NR)

Opened NR Internal Open Circuits (24996-000,NR) (24997-000,NR)

Mechanical Failure NR Mechanical Failure (24996-000,NR) (24997-000,NR)
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FMD-91 Failure Distribution Summaries 3-9
Part Failure Norm Fail Data
Deuc. Mode/Mach Dist. Dist. Source(s)/Details

Ball ScrewAsaembly Sources~l
Binding/Sticking 29.4% 16.1% Binding/Sticking (25101-000,Qty:2), Part

Struck/Damaged-Binding/Sticking (25101-000,Oty:l),
Seized/Frozen (25101-000,Qty:l),
Worn/Stripped-Binding/sticking (25101-000,oty:l)

Broken 23.5% 12.9% Broken/Damaged (25101-000,Qty:1), Broken/Separated
(25101-000,Qty:2), Broken/Separated-Broken/Damaged
(25101-000,Qty:l)

Corroded 23.5% 12.9% Corroded-Binding/Sticking (25101-000,Qty:4)

Bearing Failure 17.6% 9.7% Bearing Failure-Seized (25101-000,oty:l), Bearing Failure
(25101-000, Qty:2)

Bent/Dented/Warped 5.9% 3.2% Warped/Bent (25101-000,Oty:l)

Induced 29.0% Abnormal Operation (25101-000,Qty:1), Lack Of Maintenance -

Binding/Sticking (25101-000,Qty:2), Lack Of Lubrication -
Binding/Sticking (25101-000,Qty:l), Lack Of Maintenance -
Seized (25101-000,oty:2), Lack Of Maintenance
(25101-000,Qty::)

Unknown 16.1% Unknown (25101-000,Qty:l) (25101-000,Qty:4)

Ball Screw,Equipment Assembly Sources:l

Out of Adjustment 71.4% 41.7% Out Of Adjustment (25101-000,Qty:5)

Creep 14.3% 8.3% Creep (25101-000,Qty:l)

Broken 14.3% 8.3% Accident-Broken/Damaged (25101-000,Qty:l)

Induced 25.0% Improper Adjustment (25101-000,Qty:l), Lack Of Lubrication
(25101-000, Qty:2)

Unknown 16.7% Unknown (25101-000,Qty:2)

Battery (Summary)
Degraded Output 28.2%
Worn 23.0%
No Output 16.3%
Connector Failure 13.8%
Shorted 11.0%
Leaking 7.7%

Battery Sources:5

Degraded Operation 22.9% 20.0% Degraded (20609-000,Qty:5)

Worn 22.9% 20.0% Wearout (24991-000,100.0%)

Connector Failure 13.7% 12.0% Connector Panel Defective (19542-000,20.0%), Connector Pins
Shorted (19542-000,20.0%), Connector Shorted
(19542-000,20.0%)

No Output 13.1% 11.4% No Output (24992-000,57.1%)

Degraded Output 11.5% 10.0% Low Output (24990-000,50.0%)

Shorted 9.2% 8.0% Shorted VR1-3 To Chassis (19542-000,20.0%), Catastrophic
Short (24990-000,20.0%)

Leaking 6.8% 5.9% Leak (24990-000,20.0%) (24992-000,9.5%)

Reliability Analysis Center (RAC) a 201 Mill St., Rome, NY 13440 a 315-337-0900



FMD-91 Failure Distribution Summaries 3-11
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Battery, Storage Sources:1
Degraded Output 83.2% 81.5% Degraded - Low Output Given Challenge (18175-000,1.0%)

(28li5-000,1.0%), Degraded -- Low Output During Test
(18B75-000,80.0%) (18175-000,81.0%)

No Output 16.8% 16.5% Degraded - No Output During Test (18175-000,16.0%)
(18175-U0o, 17.0%)

Unknown ------- 2.0% Unknown (Oai75-000,1.0%) (18175-000,1.0%) (18175-000,1.0%)
(18175-000,1.0ýd)

Battery,Storage,Lead Acid,Float Service Sources:l
Degraded Output 83.0% 83.0% Degraded - Low Output Given Challenge (18175-000,NR),

Degraded - Low Output Durirg Test (18175-000,83.0%)

No Output 17.0% 17.0% Degraded - No Output During Test (18175-000,17.0%)

Unknown <0.1% Unknown (18175-000,NR)

Battery, Storage, Lead Acid, Stationary Float Sources:1
Degraded Output 97.4% 95.5% Degraded - Low Output Given Challenge (18175-000,3.0%)

(18175-000,3.0%), Degraded - Low Output During Test
(18175-000,5.0%) (18175-000,90.0%) (18173-000,90.0%)

No Output 2.6% 2.5% Degraded - No Output During Test (18175-000,5.0%)

Unknown 2.0% Unknown (18175-000,1.0%) (18175-000,1.0%) (18175-000,1.0%)
(18175-000,1.0%)

Bearing (Summary)
Binding/Sticking 30.3%
Worn 30.3%
Leaking 17.4%
Loss of Lubrication 9.4%
Contaminated 5.5%
Excessive Play 3.6%
Out of Adjustment 3.5%

Bearing Sources:8
Worn 45.1% 32.6% Blower Bearing Worn Out (19542-000,4.2%), Worn

(24990-000,60.0%), Worn Out (20609-000,Qty:94), Metal
Fatigue and Wear (24996-000,70.0%), Worn-Fnd In TI/PMSC/INSP
(25101-000,Qty:l), Worn, Chaffed, Frayed, or Torn
(25464-000, Qty:2)

Binding/Sticking 16.9% 12.2% Binding (20609-000,Qty:21) (24990-000,40.0%)
(24996-000,20.0%), Sticking (20609-OCO,Qty:9), Seized
(20609-000,Qty:3), Jammed (20609-000,Qty:3),
Seized/Frozen-Loose (25101-000, Qty:l)

Excessive Play 11.0% 7.9% Excessive Play (19542-000,12.5%) (25101-000,Qty:l),
Worn-Excessive Play (25101-000,Qty:l) (25]01-000,Qty:l)

Loss of Lubrication 10.7% 7.7% Lubrication Dried Out (19542-000,4.2%), Loss Or
Deterioration Of Lubrication (24993-000,45.0%), Loss Of
Lubrication (20609-000,Qty:16)

Loose 9.9% 7.1% Loov, Damaged,or Missing Har (25464-0ýO,QLy;2)

Contaminated 6.3% 4.6% Contamination (24993-000,30.0%), Pitted (20609-000,Qty:6)
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3-12 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Much Dist. Dist. Source(s)/Details

Bearing (continued)
Unknown ------- 18.9% Unknown (19542-000,4.2%) (19542-000,4.2%) (19542-000,4.2%)

(19542-000,4.2%) (19542-000,45.8%) (20609-000,Qty:144)
(24993-000,10.0%) (25101-000,Oty:l)

Induced ------- 1.3% Defective (19542-000,4.2%), Misalignment (24993-000,5.0%)

Other (0%4) 7.7%
Seized 2.0% Seized (25101-000,Qty:l)

Aged/Deteriorated 1.8% Requires Overhaul (19542-000,12.5%)

Scored 1.4% Scored (20609-000,oty:8), Scoring (24996-000,7.0%)

Corroded 1.1% Corrosion (24993-000,5.0%) (24996-000,3.0%)

Brinelling 0.7% Brinelling (24993-000,5.0%)

Excessive Vibration 0.3% Vibrating (20609-000,Qty:6)

Bent/Dented/Warped 0.2% Dented (20609-000,oty:3), Bent (20609-000,Qty:l)

Clogged/Clogging 0.1% Clogged (20609-000,Qty:3)

Cracked/Fractured <0.1% Cracked/Fractured (20609-000,Qty:l)

Creep NR Creeping/Spin-Improper Fit Between Bearing & Shaft
(25036-000, NR)

Scuffing NR Hard Lines or Scuffing (25036-000,NR)

Spalling NR Spalling-Poor Lubrication (25036-000,NR), Spalling-Fatigue
(25036-000,NR), Spalling-Wearout (25036-000,NR)

Bearing, Antifriction Sources:1
Binding/Sticking 98.7% 98.7% Binding Stuck or Jammed (25464-000,Qty:1,748)

Worn 0.6% 0.6% Worn, Chaffed, Frayed, or Torn (25464-000,Qty:10)

Broken 0.5% 0.5% Broken (25464-000,Qty:9)

Leaking 0.2% 0.2% Leaking Internal or External (25464-000,Qty:4)

Bearing, Ball Sources:1
Binding/Sticking 22.2% 6.7% Part Missing/Loose-Binding/Sticking (25101-000,Qty:l),

Binding/Sticking (25101-000,Qty:l)

Corroded 22.2% 6.7% Corroded-Noisy (25101-000,Qty:l) (25101-000,Qty:l)

Excessive Play 11.1% 3.3% Worn-Excessive Play (25101-000,Qty:l)

Seized 11.1% 3.3% Seized/Frozen-Inop Man Elevation (25101-000,Qty:l)

Worn 11.1% 3.3% Worn-Fnd In TI/PMCS/INSP (25101-000,Qty:l)

Bearing Failure 11.1% 3.3% Bearing Failure-Noisy (25101-000,Qty:l)

Out of Adjustment 11.1% 3.3% Out Of Adjustment - Abnormal Operation (25101-000,oty:l)

Induced 60.0% Lack Of Lubrication-Noisy (25101-000,Qty:l)
(25101-000,Qty:l) (25101-000,Qty:l), Lack Of
Lubrication-Handwheel Spin (25101-000,Qty:l), Improper
Maintenance - Noisy (25101-000,Qty:l), Lack Of
Lubrication-InoF Man Elevation (25101-000, Oty:l)
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FMD-91 Failure Distribution Summaries 3-13
Part Failure Norm Fail Data
Desc. MK.ie/Mech Dist. Dist. Source(s)/Details

Bearing,Ball (continued)

Induced (continued)
(25101-000,Qty:l), Lack Of Lubrication-Corroded
(25101-000,oty:l) (25101-000,Qty:l) (25101-000,Qty:2),
Caused By Other Failure-Corroded (25101-000,Qty:l), Lack Of
Maintenance - Noisy (25101-000,Qty:l) (25101-000,Qty:2),
Lack Of Maintenance-Inop Man Elevation (25101-000,Qty:l),
Lack Of Maintenance - Inop/Unserviceable (25101-000,Qty:l),
Lack Of Maintenance - inop Man Traverse (25101-000,Qty:l)

Unknown 10.0% Unknown (25101--000,Qty:l) (25101-000,Qty:l)
(25101-000,Qty:l)

Bearing,Roller Sources:2

Leaking 50.0% 50.0% Leaking Liquid (23038-004,Qty:l)

Out of Adjustment 25.0% 25.0% Out Of Adjustment-Excessive Play (25101-000,Qty:l)

Seized 25.0% 25.0% Seized (25101-000,Qty:l)

Bearing, Roller, Taper Sources:1
Out of Adjustment 90.0% 78.3% Out Of Adjustment (25101-000,Qty:3) (25101-000,Qty:15)

Worn 5.0% 4.3% Worn-Abnormal Operation (25101-000,Qty:l)

Binding/Sticking 5.0% 4.3% Binding/Sticking (25101-000,Qty:l)

Induced 13.0% Abnormal Operation (25101-000,Qty:l), Lack Of Maintenance -

Bearing Failure (25101-000,Qty:l), Lack Of Maintenance-Fnd
In TI/PMCS/INSP (25101-000,Qty:l)

Bearing, Sleeve Sources:!
Worn 40.0% 31.6% Worn Out (25101-000,Qty:4), Worn-Fnd In TI/PMSC/INSP

(25101-000,Qty:2)

Excessive Play 26.7% 21.1% Worn-Excessive Play (25101-000,Qty:4)

Broken 13.3% 10.5% Broken/Damaged (25101-000,Qty:l), Shaft
Broken-Binding/Sticking (25101-000,Qty:l)

Bushing Failure 6.7% 5.3% Worn Bushing-Fnd In TI/PMSC/INSP (25101-000,Qty:l)

Seized 6.7% 5.3% Unknown-Seized (25101-000,Qty:l)

Aged/Deteriorated 6.7% 5.3% Deteriorated/Aged-Fnd In TI/PMSC/INSP (25101-000,Qty:l)

Induced 15.8% Improper Maintenance-Inop Man Elevation (25101-000,Qty:l),
Dropped-Fnd In TI/PMCS/INSP (25101-000,Qty:l), Fell Off Or
Lost-Mis3ing (25101-000,Qty:l)

Unknown 5.3% Unknown (25101-000,Qty:l)
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3-14 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Bearing,Sleeve,Trunnion Sources:l
Bushing Failure 41.7% 27.8% Worn Bushing - Out Of Synch (25101-000,Qty:2), Worn Bushing

- Inop Man Elevation (25101-000,Qty:3)

Out of Synch. 25.0% 16.7% Out Of Synch (25101-000,Qty:l) (25101-000,Qty:2)

Broken 16.7% 11.1% Broken/Separated-Out Of Synch (25101-000,Qty:2)

Binding/Sticking 8.3% 5.6% Gears Binding - Out Of Synch (25101-000,Qty:l)

Worn 8.3% 5.6% Worn Out (25101-000,Qty:l)

Induced 33.3% Lack Of Lubrication - Out Of Synch (25101-000,Qty:5), Lack
Of Lubrication - Worn Out (25101-000,Qty:l)

Bell,Annunciator Module Sources:]

Degraded Operation 49.0% 49.0% Degraded (18175-000,49.0%)

Fails to Op. on Demand 38.0% 38.0% Catastrophic-Fails To Operate On Demand (18175-000,38.0%)

Spurious/False Operation 13.0% 13.0% Catastrophic-Operates Spurious Or False Response
(18175-000,13.0%)

Bellows Sources:3
Cracked/Fractured 40.0% 25.0% Cracked (19542-000,50.0%)

Aged/Deteriorated 30.0% 18.8% Deteriorated/Aged-Cracked (25101-000,Qty:l),
Deteriorated/Aged-Inop/Unserviceable (25101-000,Qty:2),
Deteriorated/Aged-Broken/Damaged (25101-000,Oty:l),
Deteriorated (25101-000,Qtyr2)

Cut/Scarred/Punctured 20.0% 12.5% Cut/Scarred (25101-000,Qty:4)

Burst/Ruptured 5.0% 3.1% Breaking or Bursting (21996-000,NR), Part
Struck/Damaged-Punctured (25101-000,Qty:l)

Broken 5.0% 3.1% Broken/Damaged (25101-000,Qty:l)

Unknown 25.0% Unknown (19542-000,50.0%)

Induced ------- 12.5% Item Abuse/Neglect-Cut/Scarred (25101-000,Qty:2), Part
Struck/Damaged-Cut/Scarred (25301-000,Qty:2)

Other ------- 0.0%
Leaking NR Leaks (24996-000,NR)

Belt (Sunrmary)
Worn 75.0%
Bruken 25.0%
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FMD-91 Failure Distribution Summaries 3-15
Pa. : eilur' Norm Fail Data

Desc. Mode/Mech Dist. Dist. Source(s)/Details

BelL Sources:'
Worn 75.0% 30.0% Worn Out (19542-000,30.0%)

Broken 25.0% 10.0% Broken (c19542-000,10.0%)

induced 6.0% 10.0% Due to Excensive Use (19542-000,60.0%)

Blower (Summary)
Be& ing Faelure 46.6%
Mechanicas 'ailure 23.6%
E2 ,trical Failure C.0%
Sensor Failure 1.3%
Dlade Erosion 6.7%
Out of Balance 4.6%
Shorted 3.1%

Blower,Fa.n Asser, 'y Sources:4
Bearing Fal. re 32.-% 25.9% Bearings Worn Out (i9542- A0,15.8%), Excessive Vibrations &

Bearings Loose (19542-000,5.3%), Noisy Due To Defective
Bearings (19542-000,5.3%), Brinelled Bearings
(24417-000,NR), Bearing Failure (24996-000,NR)
(24997-000,NR) Bearing Failures (24996-000,25.4%)

Mechanical Failure 28.ý% 23.0% Mechanical Failure (24996-000,NR) (24997-000,NR), Housing
Breakage (24996-000,7.6%), Other Mechanical Failure
(24996-000,38.3%)

Sensor Faiiure 11.5% 9.2% Defective Sensor (19542-000,18.4%)

Blade Erosion 20.6% 8.5% Blada Erosion (24996-000,17.0%)

Out .f Balanze 7.3% 5.9% Foundation Imbalance (24996-000,11.7%)

Shorted 4.9% 4.0% Excessive Curvent Has Shorted (19542-h00,2.6%), Short
(19542-000,5.3%)

Switch Failure 4.9% 3.9% Defective Switch (19542-000,2.6%), Switch Is Loose
(19542-000,2.6%), Switch Not Working (19542-000,2.6%)

Unknown ------ 11.9% Unknown (19542-000,23.7%) (24997-000,NR)

Induced ------ 6.6% Has Excessive Vibrations & Mount Is Loose (19542-000,5.3%),
Impro.ier Installation (19542-000,2.6%), Reverse Wiring
(19542-000,2.6%), Switch Not Properly Installed
(19542-000,2.6%), Operation With One Phase Disconnected
(24417-000,NR), Prolonged Operation at Low Temperatures
(244!7-000,NR), Damage by Foreign Objects (24417-000,NR)

Other (<%3) 1.3%
Motor Failure 1.3% Motor Damaged (19542-000,2.6%), Motor Failure

(24996-000,NR) (24997-000,NR)

Bolt & Nut Failure NR Nut & Bolt Failure (24997-000,NR)

Winding Failure NR Open Windings (24417-000,NR)
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3-16 Failure Distribution Summaries FM 1D-91
Pa rt . ailure Norm Fai.l 1 ", 'a
Desc. Mode/Mech Dist. Disc. ,-urce(s;/Details

Blower, Micature Sou~rocs : i

Bearin• Failure 66.0% 66.'ý% Bearing Failur4 (135l91-000,6G.0%)

Electrical Failur,2  20.3% 20.3% Electric Failure (Genorall (13591-000, ',.W

Mecha-Jcal Failure 3.7% 13,7% Mechanical Failurn (General) (.3591-000, .

Jody As3ermbly Sources :1
Induced ------ 100.0% Overtorqued - S..ripped (25..1-000,QtyA)

Body Assembly,LBreech Block Sources:1

Bindinq/Stjcking 66.7% 40.0 . -opped - Binding/Sticking •25101-000,Qty:2)

Misfire 33.3% 20.0% Lack of Maintenance -- Misfire (25301-000',Qty:l)

Induced 40.0% Improper Instail - Imp Assembly/Instail (25101-000,QQty:.',,
Lack of Maintenance - Bindir.;/Sticking (25101-030,ýty:l)

Body Assembly,Breech RýR? Sources:1

Out of synch. 100.0% 5.4% Our. of Syrnch (25101-000,Qty:l) (25101-000,Qty:2)

Induced 91.1% Improper Ma4intenance Corroded (2510'-0n0,Qty:51)

Unknown 3.6% Unknown (25101-000,Qty:2)

Boiler, 'ossil Fueled Sources:1_
Unknown <0.1% Unknown (24996-000,NP)

Other ------ 100.0%
Leaking NR Tube Leaks (24996-000,NR)

Economizer Failure NP Er.unomizer Fe!lure (24Y96-000,NR)

P.efiactory Failure NR Refractory Failure (24996-000,NR)

Loss of Control NR Conlrz.l Failure (24996-000,NR)

Bolt (Summary)
Broken 79.*%
Agad/Deteriorated 11.6%
Worn 4.7%
Stripped 2.3%
Binding/Sticking 2.3%
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FMD-9'1 ____ ____Failure Distribution Sum-naries 3-17~
Part Failure Wu rIn Fail ost-A
,>nsc. Modas/Mach Dist. Dist. Suurce(,%)/Detai19

Bolt, MahineSources :1
Brcikon '0.1% 59.0% Broken Bolt(s) (25j01-(000,Qty:l) C25101-000,Qty:Ij., Part

Struck/Dainaged-Brokqon/Damaged (2:ý10l-0O0,Qty: 1)
(25l0'.-000,Qt~y:G), llru'ken/Darraged (25101-0C'1,Qty:ý3)

Aged/DeteriOr'aLed 11.6% 8.8% U~eteriorated/Aged ..Broken arilt(s) (25101-OOO,oty:-3),
Deteriorcted/Ay,)d--troken/Damagod (25101-000, Qty:2)

Worn 4.7% 3.5% Worn-louse (25101-000,Qty.-l), Worn-Inop/Unserv~ceahle
(25101-000, Qty:l)

Binding/Ut~ickinq ..3% 1.8% Binidincq/Sticking (25101*.000,Q)ty:l)

Stripped 2.3% 1.8% Stripprid (25101-000,0ty:.1)

I nduced -- ~-- 22.3% Imprip-r Maintenance - kJinding/Sticking (2510l-O0U,Qtytij',
Improper Maintenance - Found In TI/PW4S/Insp
ý251O 1 -0O0,Qty:1), Lack of Maintenance-Metal On Mag Plug
(25101-000,Qty:1) , Overtorqued-Stripped (25l0l-000,'ýty:1),
Caused By Other ballure-Brokeai/Damaged (25101-000,Qty:1),
Improper Maintenance-Broken/Damaged '25A01-000,Qty:1),
Imnroper Mlaintenance -Stripped (251i01-00),Qty:4., Lack 0f
Maintenance - Lcose (25101-000,Qty:l), Improper
installation-Broken/Damaged (25101-000, Qtyl ), Improper
Installation-Broken Bolt (s) (25101-000,Qty: ),
Vibration-Missitng (25101-000,Oty:l), Operator Error-Broken
Bolt(s) (251C1-000,Qty:l), Lack of Maintenance - F'nd In
TI/PM('S/INSP (25101-000,Qty: 1)

Unknovn 2,-- .8% Unknown (25l0l-00C,Oty:l)

Bolt,Ribbed Shoulder Sources:l
induced-------------------100.0% Improper Maintenance-Broken/Damaged (25101-O000,Qty:l), Lack

Of Maintenance - Loose Bolt(s) (25101-O00,Qty:l), Lack Of
Maintenance-Skips (25101-000,Qty:l),
Overtorqued-Broken/Damaged (25101-000,Qty:l)

Bracket Sources :1
Brcken 63.6% 50.0% Br.akenL/Damaqed (25101-000,Qty:l) (25101-O00,Qty:l)

(25101-000,Qty:2) (25101-000,Qty:3)

Binding/Sticking 9.1% 7.1% Binding/Sticking (25101-000,Qty:l)

i.'-ed/Deteriorated 9.1% 7.1% Deterioirated/Aqed - Broken/Damaged (25101-000,Qty-1)

F~xcessive Play 9.11% 7.2% Worn - Excer-sive Play (25101-UOD,Oty:1)

Bent/Dented/Warpud 9.1% 7,1% Warped/Bent - Broken/D~iaged (25101-C0O,Qty.l)

Induced ---- 14.3"- Caused Ily Other Failure-~Cracked (25101-ODD,Qty:l), Stolen-
Missing t25101-000,Qty.-l)

Unknow. 7.1% Unk-iown (25101-000,Qty:l)
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3-18 f~aulure Distrlbv'tion Sumrmaries FMD-91
Part Failuroi Norm Fall I ata

aec.Modlc',A~ech Dist, Dinlt. Source(s)/Details

Cracked/FrActtured '5.3% 36.94 Crackekl Wel4-1roken/Damaged (2.il~l-000,Qty.,5), Cracked
Weled-Cracked (25101-000,Oty:9), CrasckeJ Welld-round In
Tl/PMCS/INS? (25101-000,Qty:l), Cracked (25l01-000,Qty:2)
(25l01"0.00,Qty:3), Vibration - Cracked (251.01-000,Oty:3),
Part Gtru',k/O.ýmaged - Cracked (25101-000,Qty:1)

Broken 39.64 32.3% Vibrktion - Brok'en/Damaged (25101-000,Qty:2),
Broken/Dama.ged (25l01-O00,Qty:.7), Part Struck/Damaged -

Broken/Damaged (25l0l-000,f.Qy:l) (25101-000,Qty:7), Part
S~truck/oamaged - Fnd In TI/PHZS/1NSP (25101-000,Qty:l), Part
Struckc/Damaged - Inop/tUnser'viceable (25101-000,Qty:2), Part
Struck/Daimaged - Out Of Synch (25101-000,gty.l)

Uent/Dented/;Varpe'4 13.2% ICA8% collapsed/Sent (25101-000,Qty:l.) (2513l-C00,0ty-6)

Bond/!3eam Failare 1.9% i.5t Poor Bonding - Broken/Dainaujed (25301-000,Qty:l)

Induced ----- 16.9%1 Caused By other Failure-Cracked (25101-000,Qty:l), Item
Ab'Jse/Neglect - Brohin/Damaged (25101-000,Oty:S), Operator
nrror - C~oll~psed/15ent (25lUl-CD0,Qty~l), Part
Struck/Damagecd - 2-Thding/Sticking (25l01-00C,Qty:4)

Unknown ---- 15% Umnknown (25101-000,0'-y:!)

Bracket,Body Assembly So%..rce.-3.
Cracked/Fractured 75.0% 60.0% Cracked (25l01-000,Q,:y:l) (25l01-000,Oty:l)

(25l0l-000,Qty.2) (2b101-000,(dty:9), Cracked Weld-Cracked
(25l0l-00,9,Qty:8), Cracked Weld-Creep (25101-000,Qty:l),
Vibration - Cracked (25101-000,Qty:2)

Cut./Scarred/Punctured 9.0% 1.5% Cut./Scarred (25101-000,Qty:2), Worn - Cut/Scarred
(25101-000,0 Qy: 1)

Luose 6,3% .5.01 Loose, Screw(s) - Loose (25101-000,Qty:!ý, Loose
(25l0l-000,Qtyt *.)

Stripped 3.1% 2.5% Stripped '25101-000.Qty:l)

Bruken 3.1% ;e.5% Broktzi/Damaged (25101-000,Qty.1)

Leaking 3.14, 2.5% Leaking Hydraulic oil (25101-000,Qty.-l(

Indu. ad ---- 20.0% C.ised By Other Failure-Worn out (25101-000,Qty:1), Caused
By other Failure-Cracked (25l01-000,Oty:l), Improper
Maintenance - Noisy (25101-000,Qty:l), Lack Of Maintenance-
Stripped (2.;101-000,Qty.1L), Overtorqued - Stripped
(25101-000,Qty:2), Overtorqued - Loose (25101-000,Qty:a),
Missing (25101-000,Qty~l)

l3racket,Draw Bar Sources:1
Broken 78.6% 64.7% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:l)

(25101-000,Qt~y:l) (25101-000,Qty:3), Part Struck/Damnaged -

Broken/Damaged (25101-0C0,Qty:1), Vibration - Broieen/Dam~ged
(25101-000,Qty:3), Broken/Separated - Broken/Damaged
(25101-000, Qty:l)

Cracked/Fractured 14.3% 11.8% Cracked/Split-Broken/Damaged (25101-000,Qty:2)

Stripped 7.1% 3.9%1 St Ipped (25101-000,Qty:l)

Induced ---- 17.6% Improper Maintenance -Broken/Damaged (25101-000,Qty:1),
Item Abuses/Neglect -Broken/Damaged (25101-000,Qty:l),
Overtorqued - Stripped (251D01-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-19
Pagt Failure Norm Fail Data
Desc. Mode/Mech Diut. Dist. Source(s)/Deý.a)la

Bracket ,Eye Sources:l
Broken 66.7% 66.7% Broken/Damaged (25101-0on0,•tyili ý:.5101-000,Qty:2ý

(25101-000,Qtv:3)

Worn 22.2% 22.2% Worn Out (25101-000,¢ty:2)

Loose 11.1% 11.1% Worn - Loose (25101-000,Oty:l)

Bracket,Level Vial Sources:l
Aged/Deteriorated 100.0% 100.0% Deteriorated/Aged - Inop/Unserviceahle (25101-000,Oty:l)

Bracket,Recoil Ind Sources:1
Broken 85 0% 65.4% 4roken/Damaged (25101-000,Qty:7) (25101-000,Oty:9), Part

Struck/Damaged - Broken/Damaecd (25101-000,Qty:l)

Cracked/Fractured 5.0% 3.8% Part Struck/Damaged - Cracked (25101-000,Qty:1)

Misfire 5.0% 3.8% Misfire (25101-000,Qty:l)

Bent/Dented/Warped 5.0% 3.8% Collapsed/Bent (25101-000,Qty:l)

Unknown ...... 15.4% Unknown (25101-000,Qty:l) (25101-000,Qty:3)

Induced ------- 7.7% Part Struck/Damaged - Missing (25101-000,2.0%), Stolen -
Missing (25101-000,Qty:l), Unknown - Missing
(25101-000, Qty:l)

Bracket,Stop Ring Sources:1
Binding/Sticking 100.0% 100.0% Binding/Sticking (25101-000,Qty:l)

Bracket,Strip Body Sources:1
Worn 75.0% 75.0% Worn Out (25101-000,Qty:3)

Cracked/Fractured 25.0% 25.0% Cracked/Split-Broken/Damaged (25101-000,Qty:l)

Bracket,Susp Lock Sources:1
Broken 100.0% 9.1% Broken/Damaged (25101-000,Qty:l)

Induced 90.9% Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:10)

Brake Sources:2
Worn 39.5% 26.4% Brake Discs Worn Out (19542-000,2.3%), Parts Are Worn Out

(19542-000,2.3%), Worn Out (19542-000,2.3%)
(20609-000,Qty:990)

Out of Adjustment 27.9% 18.6% Excessive Gap (19542-000,18.6%), Needs Adjustment
(19542-000,18.6%)

Leaking 16.2% 10.8% Leaking (20609-000,Qty:467)

Scored 7.4% 4.9% Scored (20609-000,Qty:212)

Corroded 3.5% 2.4% Brakes Corroded (19542-000,4.7%)
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3-20 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deac. Mode/Mech Dist. Dist. Source(s)/Details

Brake (continued)
Loose 3.4% 2.3% Brake Pad Bushings Screw Loose (19542-000,2.3%), Screw

Loose (19542-000,2.3%)

Broken 2.1% 1.4% Parts Broken (19542-000,2.3%), Broken (20609-000,Qty:ll)

Unknown ------. 21.4% Unknown (19542-000,20.9%) (20609-000,Qty:473)

Induced 9.3% Assembly Screw Too Tight (19542-000,2.3%), Improper
Adjustment (19542-000,7.0%), Improper Positioning
(19542-000,4.7%), Improperly In&talled (19542-000,2.3%),
Lock Screw Needs Replacement (19542-000,2.3%)

Other (<%3) 2.4%

Terminal Connection Failure 1.2% Recrimp Terminal D&C Required (19542-000,2.3;)

Cable Failure 1.2% Brake Cable Too Short (19542-000,2.3%)

Burned/Charred <0.1% Burned (20609-000,Qty:4)

Brake,Assembly Sources:2
Bearing Failure 100.0% 100.0% Bearing Seized-Contamination/Corrosion (10722-000,Qty:l)

Other 0.0%
Leaking NR Hydraulic & Pneumatic Hose and Actuator Leaks

(24996-000, NR)

Worn Linings NR Hydraulic & Pneumatic Worn Linings (24996-000,NR)

Contaminated NR Hydraulic & Pneumatic Contaminated Linings (24996-000,NR),
Mechanical Contaminated Linings (24996-000,NR)

Mechanical Failure NR Mechanical Actuator Failure (24996-000,NR)

Worn NR Mechanical Worn Linings (24996-000,NR)

Brake,Friction,Material Sources:l
Induced <0.1% Neglect (25036-000,NR)

Unknown <0.1% Unknown (25036-000,NR)

Other ------ 100.0%

Hot Spotting NR Heat Spotting (25036-000,NR)

Crazing NR Crazing (25036-000,NR)

Scored NR Scoring (25036-000,NR)

Fade NR Fade (25036-000,NR)

Metal Pickup NR Metal Pick-up (25036-000,NR)

Grabbing NR Grab (25036-000,NR)

Out of Adjustment NR Misalignment (25036-000,NR)
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FMD-91 Failure Distribution Summaries 3-21
Part Failure Norm Fail Data
Deac. Mode/Mech Dist. Dist. Source(s)/DPtails

Brake, Lever Group Sources:l
Worn 80.0% 66.7% Worn - Inop/Unserviceable (25101-000,Qty:4)

Stripped 20.0% 16.7% Sripped Gear/Spline (25101-000,Oty:l)

Induced 16.7% Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:1)

Brake,Motor Source.t:l
Bearing Failure 100.0% 100.0% Seized Bearing-Rust Contamination (10722-000,Qty:l)

6rake,Rake Sources:1
Bent/Dented/Warped 100.0% 100.0% Collapsed/Bent (25101-000,Qty:l)

Brake,Rod Sources:l
Broken 41.2% 36.8% Broken/Damaged (25101-000,Qty:3) (25101-000,Oty:10), Part

Struck/Damaged - Broken/Damaged (25101-000,Qty:1)

Aged/Deteriorated 38.2% 34.2% Deterioratel/Aged - Broken/Damaged (25101-000,Qty:13)

Out of Adjustment 8.8% 7.9% Brakes Not Adjusted (25101-000,Qty:l), Out Of Adjustment
(25101-000, Qty:2)

Worn 5.9% 5.3% Worn - Broken/Damaged (25101-000,Qty:l), Worn/Stripped -
Inop/Unserviceable (25101-000,Qty:l)

Corroded 2.9% 2.6% Corroded-Broken/Damaged (25101-000,Qty:1)

Bent/Dented/Warped 2.9% 2.6% Collapsed/Bent (25101-000,Qty:l)

Induced 10.5% Missing (25101-000,Qty:l), Fell Off or Lost - Missing
(25101-000,Qty:l), Item Abuse/Neglect - Broken/Damaged
(25101-000,Qty:l), Operator Error - Broken/Damaged
(25101-000, Oty:1)

Brake,Shoe, Assembly Sources:1
Worn 100.0% 100.0% Worn - Inop/Unserviceable (25101-000,Qty:2)

Brake,Shoe, Lining Sources:1

Worn 66.7% 40.0* Worn Out (25101-000,Qty:2)

Out of Adjustment 33.3% 20.0% Brakes Not Adjusted (25101-000,Qty:l)

Unknown 40.0% Unknown (25101-000,Qty:2)
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3-22 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Meach Dist. Dist. Source(s)/Details

Brake,Strut,Shoe Lining Sourcesml
Bent/Dented/Warped 100.0% 50.0% Warped/Bent - Inop/Unserviceable (25101-000,Qty:l)

Induted ------ 50.0% Fell Off or Lost - Missing (25101-000,Qty:l)

Breech,Block Group Sources:l
Worn 83.3% 52.6% Worn Out (25101-000,Qty:5), Worn - Inop/Unserviceable

(25101-000,Qty:3), Worn - Worn Out (25101-000,Qty:2)

Misfire 8.3% 5.3% Vibration - Misfire (25!01-000,Qty:l)

Loose 8.3% 5.3% Part Missing/Loose - Misfire (25101-000,Qty:l)

Induced 36.8% Fell Off or Lost - Misfire (25101-000,Qty:7)

Breech, Mechanism Sources:2
Worn 44.4% 40.0% Worn Out (25101-000,Qty:l), Worn - Inop/Unserviceable

(25101-000,Qty:l), Worn - Worn Out (25101-000,Qty:l), Worn -

Abnormal Operation (25101-000,Qty:l)

Corroded 11.1% 10.0% Corroded-Inop/Sluggish Breech (25101-000,Qty:l)

Bushing Failure 11.1% 10.0% Worn Bushing - Loose (25101-000,Qty:l)

Broken 11.1% 10.0% Broken/Damaged (25101-000,oty:l)

Spring Failure 11.1% 10.0% Spring Weak - Inop/Sluggish Breech (25101-000,Qty:l)

Bent/Dented/Warped 11.1% 10.0% Collapsed/Bent (25101-000,Qty:l)

Unknown 10.0% Unknown (25101-000,Qty:l)

Breech, Mechanism, Assembly Sources:l
Seized 50.0% 33.3% Lack of Maintenance - Locked (25101-000,Qty:l)

Binding/Sticking 50.0% 33.3% Binding/Sticking (25101-000,Qty:l)

Induced 33.3% Lack Of Maintenance - Binding/Sticking (25101-000,oty:l)

Breech,Mechanism, Handle Sources:1
Spring Failure 75.0% 75.0% Spring Weak - Inop/Sluggish Breech (25101-000,Qty:3)

No Operation 25.0% 25.0% Inop/Sluggish Breech (25101-000,Qty:l)

Brush Sources:2

Out of Adjustment 36.4% 33.4% Needs Adjustment (19542-000,66.7%)

Cracked/Fractured 18.2% 16.7% Cracked/Fractured (20609-000,Qty:2)

Out of Spec. 18.2% 16.7% Out of Specification (20609-000,Qty:2)

Shorted 18.2% 16.7% Short (19542-000,33.3%)

Worn 9.1% 8.3% Worn Out (20609-000,Qty:l)

Unknown 8.3% Unknown (20609-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-23
Part Failure Norm Fail Data
Dose. Mode/Mach Dist. Dist. Source(s)/Details

Brush, Electrical, Contact Sources :1
Broken 75.0% 75.0% Broken (25464-000,Oty:3)

Leaking 25.0% 25.0% Leaking Internal or External (25464-000,Qty~l)

Buffer Assembly Sources :1
Cracked/Fractured 55.6% 48.4% Cracked/Split-Leaking Hydraulic oi.l (25101-000,Qty:l),

Cracked/Split-Inop/Unserviceable (25101-000,Qty: 1),
Cracked/Split-Cut/Scarred (25l01-000,Qty:l), Cracked
(25101-000,Oty:ll), Part Struck/Damaged - Cracked
(25101-000, Qty: 1)

Leaking 29.6% 25.8% Leaking Hydraulic Oil (25101-000,Qty:2) (25l01-000,Qty:2),
Internal Failure - Leaking Hydraulic Oil (25101-OD0,Oty:l)
(25l01-000,Qty.2), Part Struck/Damaged - Leaking Fluid
(25 l0l-000,Qty: 1)

Binding/Sticking 7.4% 6.5% Seized (25101-000,Qty:l), Binding/Sticking
(25101-000, Oty: 1)

Cut/Scarred/Punctured 3.7% 3.2% Cut/Scraped (25101-000,Qty:l)

Broken 3.7% 3.2% Part Struck/Damaged - Inop/Unserviceable (25101-000,Oty:l)

Induced--------------------9.7% Slams Into Battery (25101-000,oty:l), Improper Maintenance
- Inop/Unserviceable (25101-000,Qty:l), Operator Error -
Leaking Hydraulic oil (25101-000,Qty:l)

Unknown ---- 3.2% Unknown (25101-000,Qty:l)

Buffer Assembly,Body Group Sources:l
Seal/Gasket Failure 57.1% 57.1% Seals Worn - Leaking Hydraulic Oil (25101-000,Qty:l)

(25101-000,Qty:3)

Spring Failure 42.9% 42.9% Spring Weak - Inop/Unserviceable (25101-000,Qty:l), Spring
Weak - Leaking Hydraulic Oil (25101-000,Qty:l), Spring Weak
- Abnormal operation (25101-000,Qty~l), Spring Weak-
Broken/Damaged (25101-000, 1.0%)

Bushing (Summvary)
Worn 73.5%
Out of Adjustment 9.3%
Loose 5.4%
Excessive Play 4.7%
Aged/Deteriorated 3.9%
Broken 1.6%
Cracked/Fractured 1.6%

Bushing Sources :1
Worn 100.0% 83.3% Worn out (19542-000,83.3%)

Unknown ---- 16.7% Unknown (19542-000,16.7%)
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3-24 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mod•/Mech Dist. Dist. Source(s)/Details

BushingMachine Sources:1
Loose 50.0% 50.0% Vibzation - Loose (25101-000,0ty:l), Loose Screw(s) -

Misfire (25101-000,Qty:l)

Corroded 25.0% 25.0% Corroded-Seized (25101-000,Qty:l)

MisfIrt 25.0% 25.0% Vibration - Misfire (25101-000,Qty:l)

Bushing, Plunger Sources :1
Out of Adjustment 44.4% 35.3% Out of Adjustment (25101-000,Qty:8), Out of Adjustment -

Out of Adjustment (25101-000, Qty:l), Out of Adjustment -
Collapsed/Bent (25101-000,Qty:l), Out of Adjustment - Found
in TI/PMCS/Insp (25101-000,Qty:l), Vibration - Out of
Adjustment (25101-000,Qty:l)

Excessive Play 18.5% 14.7% Loose (25101-000,Qty:l), Worn - Excessive Play
(25101-000,Qty:4)

Worn 18.5% 14.7% Worn - Out Of Adjustment (25101-000,Qty:4), Worn - Misfire
(25101-000, Qty:l)

Loose 11.1% 8.8% Loose Screw(s) - Excessive Play (25101-000,Qty:2), Part
Missing/Loose - Found in TI/PMCS/Insp (25101-000,Qty:l)

Broken 7.4% 5.9% Broken/Damoqed (25101-000,Qty:l), Out of Adjustment -
Broken/Damaged (25101-000, oty:1)

Induced 20.6% Improper Install - Found In TI/PMCS/Insp (25101-000,Qty:4),
Improper Maintenance - Broken/Damaged (25101-000,Qty:l),
Lack of Maintenance- Collapsed/Bent (25101-000,Qty:2)

Bushing, Sleeve Sources:1
Worn 64.7% 51.2% Wcrn - Missing (25101-000,Qty:l), Worn Bushing - Missing

(25101-000,Qty:1), No Failure - Worn Out (25101-000,Qty:l),
Loose Nut(s) - Inop/Unserviceable (25101-000,Qty:l), Worn
Out (25101-000Qty:l) (25101-000,Qty:4), Worn Bushing -
Excessive Play (25101-000,oty:1) (25101-000,Qty:7), Loose
(25101-000,Qty:l), Worn - Loose (25101-000,Qty:l), Worn
Bushing - Fnd In TI/PMCS/INSP (25101-000,Qty:3)

Aged/Deteriorated 14.7% 11.6% Deteriorated/Aged - Broken/Damaged (25101-000,Qty:4),
Deteriorated/Aged - Inop/Unserviceable (25101-000, Qty:1)

Cracked/Fractured 5.9% 4.7% Cracked (25101-000,Qty:2)

Loose 5,9% 4.7% Loose Screw(s) - Excessive Play (25101-000,Qty:l), Out of
Adjustment - Loose (25101-000,Qty:l)

Cut/Scarred/Punctured 2.9% 2.3% No Failure - Cut/Scarred (25101-000,Qty:l)

Excessive Play 2.9% 2.3% Excessive Play (25101-000,Qty:l)

Out of Synch. 2.9% 2.3% Out Of Synch (25101-000,Qty:l)

Induced 16.3% Improper Install - Broken/Damaged (25101-000,Qty:l)
(25101-000,Qty:l), Missing (25101-000,Qty:l), Improper

Maintenance - Missing (25101-000,Qty:l), Item Abuse/Neglect
- Missing (25101-000,Qty:l), Fell Off Or Lost - Missing
(25101-000,Qty:2)

Unknown 4.7% Unknown (25101-000,Qty:l) (25101-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-25
Part Failure Norm Fail Data
Dese. Mode/Mech Dist. Dist. Source(s)/DetailJ

Cable (Summary)
Shorted 34.0%
Broken 25.6%
Opened 22.9%
Cracked/Fractured 5.1%
Arcing/Sparking 4.4%
Worn 4.2%
Mechanical Failure 3.6%

Cable Sources:2
Shorted 31.5% 28.8% Short (20609-000,Qty:3), Cable Shorted From Pin 6 To Pin 25

(10722-000,Qty:1), Cable Shorted-Solder Bridge Vendor Defect
(10722-000,Qty:l)

Opened 19.2% 17.5% Opened (20609-000,Qty:4), Open Circuits (10722-000,Qty:l)

Cracked/Fractured 15.1% 13.8% Cracked/Fractured (20609-O00,Qty:J), Fractured Strandec
Wire (10722-000,Qty:l)

Arcing/Sparking 13.7% 12.5% Arcing (20609-000,Qty:10)

Worn 9.6% 8.8% Worn Out (20609-000,Qty:7)

Broken 8.2% 7.5% Broken (20609-000,Qty:6)

Chaffed 2.7% 2.5% Frayed (20609-000,Qty:l), Chaffed (20609-000,QtyAl)

Unknown 8.8% Unknown (20609-000,Qty:l) (20609-000,Qty:6)

Cable Assembly Sources:2
Opened 69.0% 50.0% Open Paths-Mask/Etch Process Flaws (10722-000,Qty:l),

Open-Fractured Path 101722-000,Qty:l), Seven Open Wires
(10722-000,Qty:l), Circuit Opens-Cracked Foil, Misaligned
Pins (10722-000,Qty:6)

Broken 19.7% 14.3% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:5),
Broken/Separated - Inop/Unserviceable (25101-000,Qty:l)
(25101-000,Qty:7)

Wire Failure 4.2% 3.1% Wire Harness Damaged - Inop/Unserviceable (25101-000,Qty:3)

Aged/Deteriorated 4.2% 3.1% Deteriorated - Broken Cable(s) (25101-000,Qty:2),
Deteriorated/Aged - Broken/Damaged (25101-000,Qty:l)

Worn 1.4% 1.0% Worn - Broken/Damaged (25101-000,Qty:l)

Loose 1.4% 1.0% Loose Wire(s) - Inop/Unserviceable (25101-030,Qty:l)

Induced 23.5% Fell Off or Lost - Missing (25101-000,Qty:l)
(25101-000,Qty:2) (25101-000,Qty:2) (25101-000,Qty:8),
Missing (25101-000,Qty:l) (25101-000,Qty:l)
(25101-000,Qty:l), Fell Off or Lost (25101-000,Qty:2),
Improper Alignment - Broken/Damaged (25101-000,Qty:l),
Improper Installation - Inop/Unserviceable
(25101-000,Qty:2), Item Abuse/Neglect - Broken/Damaged
(25101-000,Qty:l), Safety Wire/Key Failure - Broken/Damaged
(25101-000,Qty:l)

Unknown 4.1% Unknown (25101-000,Qty:l) (25101-000,Qty:l)
(25101-000, Qty:2)
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3-26 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Cable,Electrical, Power Sources:2
Opened 55.0% 55.0% Open Circuit (24996-000,90.0%), Open Circuit and Other

(24997-000,1S.0%)

Shorted 45.0% 45.0% Short to Ground (24996-000,9.0%), Short to Power
(24996-000,1.0%), Short Circuit(Insulat!on Failure) to Gr.
or power (249Y7-000,72.0%)

Cable,Fiber Optic Sources:1
Tnduced ------ 100.0% Parallel Construction (23413-000,Qty:6), Contractor

Activity (23413-000,Qty:l), Backhoe Digging
(23413-000,Qty:3), Gunshot (23413-000,Qty:2), Hurricane
(23413-000,Qty:3), Flood Damage (23413-000,Qty:l), Ice Crush
(23413-000,Qty:l), Vandalism (23413-000,Qty:l)

Cable,Flex Sources:1
Opened 100.0% 100.0% Pin 47 Open-Excessive Axial Force On Pin (10722-000,oty:l),

Elect. Opens At Pins 38 And 54-Flex Tape Etch Out
(10722-000,Qty:l), Opens-Vendor Process Flaws
(10722-C00,Qty:2)

Cable, Harness Sources:1

Opened 30.6% 30.6% Open (24992-000,30.6%)

Shorted 30.6% 30.6% Short (24992-000,30.6%)

Mechanical Failure 20.5% 20.5% Mechanical (24992-000,20.5%)

Overheated 18.3% 18.3% Overheat (24992-000,18.3%)

Cable,Printed Wiring Sources:l
Cracked/Fractured 100.0% 100.0% Fractured Paths-Faulty Bend Operation (10722-000,Qty:5)

Cable, Strap, Loop Sources:l
Broken 66.7% 66.7% Part Struck/Damaged - Broken/Damaged (25101-000,Qty:2)

Aged/Deteriorated 33.3% 33.3% Deteriorated/Aged - Broken/Damaged (25101-000,Qty:l)

Cable, Wire Sources:2
Broken 100.0% 50.0% Wire Fracture-Low Frequency Cyclic Overstress

(10722-000,Qty:l), Broken-Cyclic Overstress
(10722-000, Qty:l)

Induced ------- 50.0% Part Struck/Damaged - Missing (25101-000,Qty:6)
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FMD-91 Failure Distribution Summaries 3-27
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Cable,Wire,CJCoil Sources:1
Wire Failure 100.0% 100.0% Wire Failed In Tension-Mechanical (•verstress

(10722-000, Qty:!)

Cable,Wire, Core Sources:l
Broken 87.2% 86.2% Broken (25464-000,Qty:150)

Worn 4.7% 4.6% Worn, Chaffed, Frayed, or Torn (25464-000,Qty:8)

Lamp Failure 2.3% 2.3% Burned Out or Defective Lamp, (25464-000,Qty:4)

Contact Failure 1.7% 1.7% Contact/Co-rn Defect (25464-000,Qty:3)

Binding/Sticking 1.7% 1.7% Binding, Stuck or Jammed 25464-000,Qty:3)

Leaking 1.2% 1.1% Leaking Internal or External (25464-000,oty:2)

Loose 1.2% 1.1% Loose, Damaged, or Missing Har (25464-000,Qty:2)

Other (<%2) 1.1%
Cracked/Fractured 0.6% Crack-d (25464-000,QLy:l)

Cut/Scarred/Punctured 0.6% Cut (25464-000,Qty:l)

Cable,Wire,Electrical,Low Power, Signal Sources:2
Shorted 87.1% 87.1% W/Terminals: Short to Ground (24996-000,45.0%),

W/Terminals: Short to Power (24996-000,30.0%), W/Out
Terminals :Short to Ground (24996-000,70.0%), W/Out
Terminals :Short to Power (24996-000,30.0%), With Terminals:
Short to Ground (24997-000,45.0%), With Terminals: Short to
Power (24997-000,30.0%), Without Terminals: Short to Ground
(24997-000,70.0%), Without Terminals: Short to Power
(24997-000,30.0%)

Connector Failure 6.2% 6.2% With Terminals: Conductor breakage @ Terminal
(24997-000,25.0%)

Broken 6.2% 6.2% W/Terminals: Conductor Breakage @ Terminal (Open)
(24996-000,25.0%)

Opened 0.5% 0.5% W/Out Terminals :Open and Other (24996-000,1.0%), Without
Terminals: Open and Other (24997-000,1.0%)

Cable,Wire, Stranded Sources:l
Cracked/Fractured 100.0% 100.0% Fracture-Cyclic Fatigue (10722-000,Qty:l)

Cable,Wire,Tensile Sources:l
Wire Failure 100.0% 100.0% Wire Fractured-Tensile Loading (10722-000,Qty:l)
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Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Capacitor So)urces :8
Shorted 32.8% 29.5% Low Z (24991-000,67.0%), Short (17867-000,Qty:l)

(l7867-000,Oty:l) (17667-000,Qty:l) (1*/867-000,Qty:l)
(17867-000,Qty:l) (17867-000,Qty:l) (17867-000,Qty:2)
tl7867-000,Qty:3) (1'7867-000, Oty:5) (24417-000, NR)
(249ý'2-00 13.5%) (24997-000,NR), Short-Dielectric Crack
(107?2-000,Qty:l), Short-improper Installation On Board
(10722-000,Qty:2), Low Insulation Resistance (24417-000,NR),
High Leakage Current (electrolytic styles) (24417-000,NR),
Short-Crack In Element (10722-000,Qty:l), Short-Reflowed End
Cap Solder (10722-000,Qty:l), Low Insulation resistance
(24 997-000,NR)

Broken 24.3% 21.9% Broken Leads-Copper Fatigue (25001-000,Qty:!),
Broken/Damaged (17867-000,Qty:l) '17867-000,Qty:l), Broken
(25464-00(n,Qty:178)

Intermittent Operation 17.8% 16.0% Unstable (24992-000,77.5%), Intermittent (17867-000,Oty:l)
(17867-000,Qty:l) (24417-000,NR), Loose Element & Fractured
Interconnects-Vibration (l07;e2-000, Oty: 1)

Opened 8.1% 7.3% High Z (24991-000,33.0%), open (17867-000,Qty:l)
(17867-000,Qty~l) (17867-000,Qty:l) (17t867-000,Qty:l)
(17867-000,Qty:l) (17867-000, Qty:l) (17867-000, Qty:2)

(24417-000,NR) (24992-000,4.0%) (24997-000, NR)

Change in Capac. 7.9% 7.1% out Of Tolerance (17867-000,Qty:l) (17867-000,Qty:l)
(17867-000,Qty:l) (17867-000,Oty:3) (17867-000,Oty:5)
(17867-000,Qty:6), Out Of Tolerance (17867-000,Qty:2),
Capacitance Drift (24417-000,NR), Capacitance Incorrect
(25464-000,Qty:162)

Worn 6.1t 5.5% Worn/Chaffed/Frayed/Torn (25464-000,Qty:199)

Leaking 2.9% 2.6% Leaky (17867-000,Qty:l) (1786'7-000,Qty:l) (17667-000,Qty:l)
(17867-000,oty:l) (17867-000,Qty:l) (17867-000,Oty:l)
(17B67-000,oty:l) (17867-000,oty:4) (17867-000.Qty:5),
Leaking (25464-000,Qty:15)

Induced ---- 7.6% Engineering Problem C17867-000,Qty:l) (17867-000,Qty:10),
Weak/Low Performance (17967-000,Qty:l) (17867-OO0,Qty: 1)
(17867-000,Qty:3) (17867-000,Qty:4) (17867-000,Qty:5),
Performance Variatio (17867-000,Qty:l) (17867-OOO,oty:l)
(17867-000,Qty:l) (17867-000,oty:2) (17867-000,Qty:l0),
Wrong Value (17867-O0O,Qty:l), Performance Variation
(17867-000,Qty:l) (17867-O0,oty-l) (17867-W00G,Qty:l)
(17867-000,Qty:1) (17967-000,Qty:l) (17867-000,Qty:l)
(17867-0OO,Qty:2) C17867-000,Qty:2) (17867-000,oty:2), Noisy
(17867-000,Qty:l) (17867-000,Qty:l)

Unknown ---- 0.2% Unknown C17867-000,Qty:l) C25464-000,Qty:4)

Other (<%3) ---- 2.2%
Drift 0.9% Drift (24992-000,2.5t), Fails to Turie or Drifts

(25464-OO0,Qty.'), Fluctuates, Unstable or Errati
(25464-000, oty: 14)

Noisy 0.8% Noisy (24992-000,2.5%) (25464-000,oty:15)

Oscillating 0.1% Oscillating (17867-000,Qty:l)

Cracked/Fractured 0.1% Cracked (25464-000,Qty:5)

Loose <0.1% Loose/Damaged/missing (25464-000,Qty:2)

Lamp Failure <0.1% Burned Out or Defective L~anp, (25464-000,Qty:2)

Burst/Ruptured <0.11 Burst/Ruptured (25464-030,Qty.l)

Dielectric Breakdown NR Dielectric Breakdown (24417-000,N.R)
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FMD-91 Failure Distribution Summaries 3-29
Part Fal~ure Norm Fail Data
Desc. Modc/Mech Dist. Dist. Source(s)/Details

Capacitor (continued)
other (continued)

Change in Value NR Change in Value (24997-000,NR)

Capacitor,Aluminum (Summary)
Shorted 49.3%
Opened -4.0%
Seal Failure 15.4%
Drift 1.3%

Capacitor,Aluminum,k5lectrolytic Sources:l
Shorted 38.0% 38.0% Short (25038-000,38.0%)

Seal Failure 31.0% 31.0% Electrolyte Loss/Seal (25038-000,31.0%)

Opened 31.0% 31.0% Open (25038-000,31.0%)

Capacitor,Aluminum, Electrolytic,Foil Sources:5
Shorted 53.4% 49.3% Short-Ruptured/Cracked Dielectric (25016-000,NR), High

Disipation Factor-Defective Termination (25016-000,NR), High
Disipation Factor-Impared Seal (25016-000,NR), Low Z
(24991-000,70.0%), Short (24993-000,30.0%)
(24997-000,33.0%), Excessive Leakage Current
(24993-000,15.0%)

Opened 35.0% 32.3% Open-Defective Termination (25016-000,NR), High Z

(24991-000,30.0%), Open (24993-000,40.0%) (24997-000,27.0%)

Seal Failure 9.7% 9.0% Electrolyte leakage and seals (24997-000,27.04)

Drift 1.8% 1.7% Low Capacitance-Impared Seal (25016-000,NR), Decrease In
Capacitance (24993-000,5.0%), Decrease In
Capacitance-Vaporization of Electrolyt (24417-000,NR)

Unknown 7.7% Unknown (24993-000,10.0%) (24997-000,13.0%)

Capacitor,Fixed Sources:5
Shurted 48.9% 48.6% Short-Dielectric strength (25000-000,Qty:1), Short

(24990-000,80.0%) (24990-000,99.0%) (25000-000,Qty:l)
(25000-000,Qty:2) (25000-000, Qty:2) (25000-000,Qty:2)
(25000-000,Qty:17) (25027-000,Qty:l), Short-Ruptured/Cracked
Dielectric (25•16-000,NR)

Opened 28.5% 28.4% Open (24990-000,1.0%) (24990-000,20.0%) (25000-000,Qty:6)
(25000-000,Qty:9), Open-Defective Termination
(25016-000,NR), Open-Insufficient Lead To Element
Attach-Internal (10722-OOU,Qty:l)

Drift 21.9% 21.8% Parameter Drift-Intermittent (25000-000,Qty:l)
(25000-000, Qty:2) (25000-000,Qty:6), Parameter Drift-Power
Factor (25000-000,Qty:1) (25000-000,Qty:2) (25000-000,Qty:4)
(25000-000,Qty:4) (25000-000,Cty:4) (25C00-000,Qty:61
(25000-000,Qty:6) (2500, -000,Qty:7) (25000-000,Qty:20)
(25000-000,Oty:57), Parameter Drift-General
(25000-000,Qty:l) (25000-000,Qty:2), Parameter
Drift-Insulation Resistance (25000-000,Qty:!)
(25000-000,Qty:2) (25000-000,Cty:2) (25000-000,Qty:3)
(25000-000,Qty:4) (25000-000,Qty:6) (2500n-On00,Qty:8)
(25000-000,Qty:10) (25000-000,Oty:23) (250CG-000,Qty:67),

Parameter Drift-Delts C (25000-000,Qty:2) (25000-000,Qty:2)
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Pa~rt, Pala~ure Norm FaI I Data

"CaaI Lor, Fixed (corntinued)
Dr Ift (corntinued)

(2.5000-000,Qty:3( (25000-OOD,Qty:6) (2b000-000 ,0ty:ll)
(250c30-000,0ty:32) (25000-000,QtI,':53) (50-ff

Corroded 0.'/% 0./% CorrosAt'n (25000-QOO,Qty7-'14)

Seail Failure <0.1% <0.1.% Seal Aeak-ýqe (2bO00-OOUi,Qty-1)

Induced ---- 0.3% Mecharical Damage (250r]0-000,Qty:6)

Unkrnown ---- P.2% Un~known (25000-000,Ot y: 3)

Qtheý.- 0.0%
Change in Capac. NR keduced Capacitance-Ruptureo/Cracked Dielectric

(25016-000,1 .), r¾)lamJnat ion, Reduced Capacitance-Irn-Pdred
Seal (25"i16-000, NR)

High Disipation Factor NR High Dissipation Fdctor.-Defectivo Terminatio..
(25016-000, NP)

Seal/Gaskat Failure NR Low I~sulation Resistance-Impared Seal (25016-000,NA)

Capacitor, Fixed, Ceramic Sources:10
Shorted 46.7% 41.1A' Sh~ort (24417-000,NR) (?4992-OCO, /5.0%) (24993-000,.,u.0%)

(24994-000.350.%) 114997-000,20.0%) (25000-OCO,7XY:1)
(25000-000,Qty:l? (25000-000,Qty.1) (25000-000,Qty:3)
(250-U-000,Qty-.3) (25000.-000,Qty:3) (25C00-000,Qty:3)
t25r00-000,Qty.8) (25000-000,CQty:8) (25000--O00,Qty:10)
(25000-000,jt y:10) (2500C-OOC,Qty:23) (2500C-000, Qty:23)
(25000-000,Qty:26) (25000-000,Qty:2C), Short - Die lect -iv
Strength (25000-000,0Qty:2) (23000-000,Qty:2)
(25000-000,Qty:2) (25000-000,Qty:8), SI-irt - Flashover
(25000-000,Qty:13), Short-Dielectric St rength
(25000-000,Oty:2) (ý5000-000, Oty:?) (250C0-000, Qty:2)
(25000-000,Qty:8), Short-Flashover (.'5000-000,Qty:13), Low Z
(24 991-000, 50.0%,,, Short -Overstress (1072.'-000, Qty:1),
Short/Leaky-Cr.acked Dielectric (1072:*ý-000,gty:l),
Shorted/Leaky-Cracked Dielec.ric (10'22-000,Qty:2),
.4esistive Short Between Plates (10722-000,QtY.1). Low
insulation resistance (24997-000,14.1t), Sho~rt (Dielectric
Breakdown) (25038-000, 49.0%)

Drift 26.7% 23.6% Parameter Drift -change ir 'ý (25000-000,Qtv:!)
(25000-000,Qty:1) (25000-000,Qty:l) (25000-000,Qty:1)
(25000-000,Qty:5) (250C,0-000,Qty:8) (25000-000, Qty: 9)
(25000-000,Qty:15) (25000-000,oty:32), JarameteL Dri'ft -
Power Factor (25000-O00,Qty:l) (25000-000,Qty:l)
(25000-000,Oty:2) (25000-000, Qty:S) (25000-000,Qty: 6)
(25000-O00,Qty:.10) (25000-0OO,Qty,,1O) (25000-000,Qty:10),
Parameter Drift - Insul. Rosis (25000-000,Qty:1)
(25000-000,Qty: 1) (25000-000,Qty:3) (25000-000, Ory. 3)
(25000-000,Qty:4) (25000-000, Qty: 6) (25000-000, Qty:S)
C25000-000,O)ty:9) (25000-000,Qty:15) (25000-000,Qty: 1')
(25000-000,Qty:29) (25000-000,Oty:32), Parameter Drift. -

general (25000-OOO,Qty.2), Parameter Drift-General
,2500C-000,Qty:2%, Paramet~er Drift-Delta C (25006-00(G.Qty.:)
(25000-000,gty:l) %25000-000, Oty: 1) (23000-000. Oty: 1)

(25000-000,Qty.;5) .'5000-000, Qty:8) (25000-000,Qty: 9)
(25 000-000,T y:10) (25000-000,Qty:15) C25000-OCCOty:32).
Parameter Drift-Power Factor (25000-000,Qty:l)
(25000-000,Qty.1) (25000-000,Qtv:2) (25000-OOO,Qty:5)
(25000-000,Qty:6) ('50('0-('00,Qty:10) (25000-000,Qty: ID)
(25000 ^00,oty:10), Parameter Drift-Insulation Resistance
(25000-000,cQty:l) (25000-000,QJty:l) (25000-000,Qty:3)
(25000-000,Vtv:23) (25000-000, Oty:4) (25000-000, Oty: 6)
(25000-000,Qty:8) (25000-000,Q):y:9) (25C00-000,Qty:15)
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Part Failure Norm. Fail I.ata
Desc. Mode/Mech Dist. Dist. Sourct(s)/Details

_:apacitorYixed, Cerarc (continued)
Drift (contimnued)

(25000-000,Oty: 'I (2500U-000,Oty-:74 ?)ýt)00-000,Qty:32),

Opened 21.1% 18.6% Open (24417-000,NR) (24992-000,25.0%) (24993-300,_.O%)
(24994-000,20.0%) (25000-000,QLy:l) (25000-000,0Qty:1)
(25000-000,Qty:8) (25000-000,Qty:8) (25000-000,Qt Ovy8)
(25000-000,Qty:8) (25038-000,18.J%), High Z
i24991-000,50.0%), Plate Open-Thin Metallization
(10722-000,Qt.y:2) (107P2-00,Qty:2), Open Circuit
(2499-7-000,5.0%)

Contaminated 4.2% 3.7% Drift Surface Contamination (25 38-3(,,4.0%), Low
,nsulatLor' Repistancc Surf. Contan. (25038-000,29.0%)

Leaking 1.3% 1.1% Leaky At -igh Temperature (10722-000,Qty:l)

Induced 11.3% Mechanical Damage (25000-000,Qty:8) (25000-000,Qty:8),
Damaged •d5027-C00,CQty:l)

Unknown -. 6% Unknown (24993-000,5.0%)

Capacitor,Fixed,Chip Sourcas:e
Opened 100.0% 100.0% Open-Fractured (25001-000,Qty:3)

Capacitor,Fixed,Glass Sources:l

Shorted 60.0% 61.0% Short (24994-000,60.0%)

Opened 35.Ot 35.0% Opec. (24994-000,35.0%)

Drift 5.0% 5.0% Drift (24994-000,5.0%)

CapacitorFixed,Mica, Dipped Souices:l
Opened 65.0% 65.0% Open (24994-000,65.0%)

Drift 20.0% 20.0% Drift (24994-000,20.0%)

Shorted 15.0% 15.0% Short (24994-000,15.0%)

Capacitor,Fixed,Mica/GlaxS So'2rces:3
Shortd 71.8% )0.0% Short (24993-000,70.0%), Short-Dielectric Breakdown

(24417-000,NR), Short( Dielectric Breakdown, Silver
Migration) (25038-000,87.5%)

Opened 12.8% 12.5% Open (24993-000,15.0%) (25038-000,12.5%)

Change in Capac. 10.3% 10.0% Change in C -Moisture Absorption- (25038-000,25.0%)

Change in Value 5.1% 5.0% Change in Value (24993-000,10.0%)

Unknown 2.5% Unknown (24993-000,5.0%)
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pIart Fd i It~ Norm Fal I Data
Cesc. Modo/Nlich Dist . Eiist. Source(s)/Details

Shortea 63.2% 60.0% Short-Ruptured/Crackofd Die.'.ctric (25016-000,NR), -Short
(24W''-000,30.0%) (24993-000,ýoO.0%)

O)pene~d 36.8% 35.0% Open-.Defective Termircition (25016-COO,NR), Op*4n
(.*4993-100,5.04) (P4993-000,65.0%)

!.np:nown - 5.0% Unknown (,.4993-00r),5.0%) (24993-000,5.0%)

Other ---- 0.0%
1:1,gh Disipation Factor NR High Disipation Facttr-Defective Termination (25016-003,NR)

Seal/Gasket FaJlure NR Low Insulation Resistan( -Impaired Seal )25Cl16-000,NR)

Capacitor. Fixed, PAper/Plastic Sources:4
Opened 38.3% .i7.9% Oper. (25000-OuO,Qty~l) (250fl0-0U0,Qty~l) (25000-0OU,Qty:3)

(25000-000,Oty:7) (2500C-0D0,oty:l0; (25G00-000,oty:32)
(25038-000,47.0%), High Z (24991-000,59.0%)

U~r ft 33.3% 32.9% Parameter Drift-Delta C (25000-DDOQty:1) (25000-G00,Qty:2)
(25000-000,Qty:2) (25000-000,Qty:4) (25000-000,Uty:5)
(25000-D000,Qty:6) (25000-000,Qty:B) (25000-000,Qty:ll)
(25000-000,Qty:ll) (25000-000,Qty:21) (250,00 000,Qty:24)
(25000-00C1,Qt~y:27), Para'muter Drift-intermittent or Noise,
(25000-000,Qty:l) (25000-000,Qty:l) (25000.-000,Qty:5),
Parameter Drift- Power Factor (25000-000,Qty:l)
(25000-000,Qty~ 1) (25000-000,Qty:l) (25000-000, $.,y:2;
(25000-000,Qty:3) (25000-OCC,Qty:6) (25000-000,Qty:12)
(25000-000, Qt~y:2.i), iPar~riie;er Drl ft-C7erwraj
(25000-000,Qty:l) (25000-000,Qty:l) (25000-0OD,Qty: I)
(25000-000,Qty:44), Parameter Drift-insulation Resistance
(25000-000,Qty:l) (25000-000,Qty:l) (25000-000,Qty:')
(25000-0DO,Qty:2) (25000-000,Q~y:4) (25000-000,Qty:4)
(25000-000,Qty:4) (25000-000, Qty:41 (25000-00C, Qty:5)
(25000-C00,Qty:l0) (25000-00D,Qty:12) (25000-000,Qty:22)
(25O30-000,Qty.-23) (25000-0DO,Qty:40) (25000-000,Qty:42),
Capacitance Drift (24417-D00,N1R), Instazýlity with
Temperature (244l1-000,NlR), Capacitance $hifi.
(25038-000, 42.0%)

Shorted 25.8% 25.5% short-Dielectric St~rf~rqth (250,10-C0D,Qty:1)
(25C0D0-00n, Qty: 3) ()5090-000,uty: 9) (25000-00Q,QtLy:i)

Short-Dielectric strength (25000--000,QLy:l)
(25000-000,Qty:2) (25000-Uv00,Qty:3) (25000-000,Qty:1'),
Short-Flashover (2.9000-000,Qty:6) (?5000-000,Qty:61), Short
(25000-000,Qty:2) (25000-DOO,Qty:3) (25000-000,Qty:5)
(25000-000,Qty:6) (25000-000,Qty,6) (25000-000,Qty:20)
(25000-000,oty:22) (25038-000,11.0%), Low Z
(24991-000,41.01), High Dlwsipaiur t'actoyz (24417-000,NR),

Low Insulation Resistance (24417-003,NR)

Corroded 2.2% 2.1% Corrosion (2500C-000,Qty:2) (25C0O-C00C,Qty:3)
(25000-000, Uty: 40)

Seal Failure 0.4% U.44 Seal Leakages (25GQ0-000,Qty:1) (25000-OGQ,Qty:8)

Induied ---- 0.7% ?4echa~iical Damage (25000-000,Qty-.) (250GCL-3U0,Q',y:ý,,, ?a-t:
Struck/Damaged - Broken/Damaged (25D0i0-000,Q~y:]J

Un~known ---- 0.5% Unknown (25000-ODC,Qt~y:lO)
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FMD-91 Failure Distribution Summaries 3-33
Part railure Norm Fail DatA
Desc. Mode/Mech Dist. Dist. Source(s,,ODetails

Capafrtor,Fixed,Plastlc Sources:3
Shorted 41.7% 29.3% Short (24990-000,50.0%) (24994-000,35.0%)

(24997-000,11.0%), Low I.R. (24997-.000,10.0%), High
Dissipation factor (24997-000,10.0%)

Opened 40.6% 38.3% Open (24990-000,50.0%) (24994-000,15.0%) (24997-000,47.0%)

Drift 17.7% 16.7% Drift (24994-000,50.0%)

induced ------- 5.7% Quality defects (24997-000,16.0%)

Capacitor,Fixed,Polycarb Sources:l
Shorted 60.0% 60.0% Short (24992-000,60.0%)

Opened 40.0% -10.0% Open (24992-000,40.0%)

Capacitor,Fixed, Tantalur Sources:4
Shorted 52.6% 50.4% Short (24992-000,60.0%) (24993-000,35.0%) (24997-000,31.0%)

(25000-000,Qty:2) (25000-000,Qty:14) (25000-000,Qty:30)
(25000-000,Qty:91), Excessive Leakage Current
(24993-000,10.0%), High leakage current (24997-000,15.0%)

Opened 29.3% 28.1% Open (24992-000,40.0%) (24993-000,35.0%) (24997-000,10.5%)
(25000-000,Qty:l) (25000-000,Qty:l) (25000-000,Qty:l)
(25000-000,Qty:2) (25000-000, Qty:4) (25000-000,Qty:4)
(25000-000,Qty:6) (25000-000,Qty:6), High Impedance & other
(24997-000,17.5%)

Drift 10.8% 10.4% Para. Drift- Power Factor (25000-000,Qty:l)
(25000-000,Oty:48), Para. Drift- Delta C (250U0-000,Qty:l)
(25000-000,Qty:l) (25000-000,Qty:l) (25000-000,Qty:2)
(25000-000,Qty:12), Para. Drift- Insulatioui Res.
(25000-000,Qty:2) (25000-000, Qty:3) (25000-000,Qty:4)
(25000-000,Qty:5) (25000-000,Qty:l8), Para. Drift- DeiL P.
(25000-000,Qty:l), Decrease In Capacitance (2499A-000,5.0%)

I,iLermittent Operation 7.1% 6.8% Intermittent (24997-000,26.0%) (25000-000, Qty:l)
(25000-000, Qty:2)

Corroded 0.2% 0.2% Misc.- Corrosion (25000-000,Qty:2)

Unknown 4.2% Unknown (24993-000,15.0%) (25000-000,Qty:2)
(25000-000,Qty:3)

Capacitor, Fixed, Tartalum, Slug Sources:2
Sorted 100.0% 300.0% Short-External Overstress (10722-000,Qty:l)

Other 0.0%
Opened NR Open (24417-000,NR)

'ss .f 7opacitInce NR Loss of Capacitance (24417-000,NR)
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3-34 Failure Distribution Sumrmtaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Capacitor,Tantalum (Summary)
Shorted 61.9%
Opened 16.0%
Drift 11.3%
Intermitten~t Operation 4.6%
High Leakage Current 4.1%
Loss of Capacitance 2.2%

Capacitor,Tantalum,Electrolytic,Foll Sources:4
Shorted 42.0% 42.0% Low Z (24991-000,70.0%), Short (24994-000,10.0%)

(25038-000,31.0%), Leakage Current (25038-000,15.0%)

Opened 23.3% 23.3% High Z (24991-000,30.0%), Open (24994-000,40.0%)

Drift 16.7% 16.7% Drift (24994-000,50.0%), Decrease In
Capacitance-Vaporization of Electrolyt (24417-000,NR)

Intermittent Operation 12.2% 12.2% Intermittent/Open (25038-000,36.5%)

Loss of Capacitance 5.8% 5.8% Loss of Electrolyte (High Impedance) (25038-000,17.5%)

Capacitor,Tantalum, Electrolytic, Solid Sources:6
Shorted 67.3% 67.3% Short-Ruptured/Cracked Dielectric (25016-000,NR), High

Disipation Factor-Defective Termination (25016-000,NR), Low
Insulaution Resistance-Impared Seal (25016-000,NR), Low Z
(24991-000,83.0%), Short (24994-000,55.0%)
(25038-000,31.0%), Shorted Dielectric (24417-000,NR),
Short-Faulty Cap/Overstress (10722-000,Qty:l)

Opened 14.5% 14.5% Open-Defective Termination (25016-000,NR), High Z
(24991-000,17.0%), Open (24994-000,5.0%) (25038-000,36.0%),
Open Internal Connections (24417-000,NR)

Drift 10.0% 10.0% Drift (24994-000,40.0%)

High Leakage Current 8.3% 8.3% High Leakage Current (25038-000,33.0%)

Other 0.0%
Intermittent Operation NR Intermittent Internal Connections (24411-000,NR)

Capacitor,Variable, Air Dielectric Sources:l
Intermittent Operation 100.0% 100.0% Intermitent-Crack (25001-000,Qty:l)

Capacitor,Variable, Parallel Plate Sources:1
Leaking 100.0% 100.0% Won't Hold Charge (25027-000,Qty:3)

Capacitor,Variable,Piston Sources:l
Drift 60.0% 60.0% Drift (24994-000,60.0%)

Shorted 30.0% 30.0% Short (24994-000,30.0%)

Opened 10.0% 10.0% Open (24994-000,10.0%)

Reliability Analysis Center (RAC) e 201 Mill St., Rome, NY 13440 9 315-337-0900



FMD-91 Failure Distribution Summaries 3-35
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Carriage, Stake Sources:1
Broken 88.9% 80.0% Broken/Damaged (25101-000,Qty:4), Oversize - Broken/Damaged

(25101-000,Qty:l), Broken/Separated - Inop/Unserviceable
(251.01-000,Qty:3)

Bent/Dented/Warped 11.1% 10.0% Warped/Bent - Broken/Damaged (25101-000,Qty:l)

Unknown ------ 10.0% Unknown (25101-000,Qty:l)

Case, Carryir.. Sources:l
Cracked/Fractured 23.5% 16.7% (:acked (25101-000,Qty:]), Vibration - Cracked

(25101-000,Qty:3)

Out of Adjustment 23.5% 16.7% Out Of Adjustment - Inop Man Elevation (25101-000,QLy:2),
Out Of Adjustment - Noisy (25101-000,Qty:2)

Broken 23.5% 16.7% Broken/Damaged (25101-000,Qty:4)

Worn 17.6% 1.2.5% Worn - Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:2)

Battery Failure 5.9% 4.2% Batteries Boiling (25101-000,Qty:l)

Binding/Sticking 5.9% 4.2% Vibration - Binding/Sticking (25101-000,Qty:l)

Induced 29.2% Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:2),
Improper Maintenance - Broken/Damaged (25101-000,Qty:3),
Overtorqued - Inop Man Elevation (25101-000,Qty:l), Improper
Installation - Broken/Damaged (25101-000,Qty:l)

Case,Collimator Sources:1
Cracked/Fractured 80.0% 66.7% Cracked/Split-Cracked (25101-000,Qty:l), Cracked

(25101-000,Qty:2) (25101-000,Qty:5)

Broken 20.0% 16.7% Broken/Damaged (25101-000,Qty:l), Part Struck/Damaged -

Broken/Damaged (25101-000,Qty:l)

Induced 16.7% Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:l)
(25101-000, Qty:l)

Cathode Ray Tube Sources:1
Induced <0.1% Focusing Degradation (22540-000,NR)

Other 100.0%
Mechanical Overstress NR Mechanical Overstress (22540-000,NR)

Seal/Casket Failure NR Degradation of Seals (22540-000,NR)

Cathode Ray Tu*e, Displ y Monitor Sources:l

Out of Spec. 71.4% 38.5% Out of Tolerance (20609-000,Qty:5)

Broken 28.6% 15.4% Broken (20609-000,Qty:2)

Unknown ------ 46.2% Unknown (20609-000,Qty:6)
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3-36 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Soutce(s)/Details

Cathode Ray Tube,Display Unit Sources:2
Power Supply Failure 46.04 46.0% Power Supply (24996-000,46.0%) (24997-000,46.0%)

Loss of Control 34.0% 34.0% Control and Misc. (24996-000,34.0%) (24997-000,34.0%)

Performance Degradation 20.0% 20.0% C.R. Tube (24996-000,20.0%) (24997-000,20.0%), CR
Tubes-Loss of Trace, Decline in Illumination (24996-000,&I)
(24997-000,NR), LED's-Decline in Illumination, Fail to Light
(24996-000,NR) (24997-000,NR), Liquid Crystal-Decline in
Illumination, lnstability (24996-000,NR) (24997-000,NR),
Vacuum Fluorescent-Fail to Light (24996-000,NR)
(24997-000,NR), Plasma-Loss of Illumination (24996-000,NR)
(24997-000,NR)

Other ------- 0.0%
Open Filament NR Incandescent-Open Filament, Intermittent (24996-000,NR)

(24997-000,NR)

Chain Sources:l
Bent/Dented/Warped 100.0% 20.0% Collapsed/Bent (25101-000,Qty:l)

Induced ------- 40.0% Item Abuse/Neglect - Collapsed/Bent (25101-000,Qty:l), Fell
Off Or Lost - Missing (25101-000,Qty:l)

Unknown 40.0% Unknown (25101-000,Qty:2)

Charger Sources:1
Degraded Output 73.8% 48.0% Degraded - Low Output (181?5-000,29.0%) (18175-000,29.0%),

Degraded - High Output (18175-000,6.0%) (18175-000,6.0%),
Degraded - Erratic Output (18175-000,13.0%)
(18175-000,13.0%)

No Output 26.2% 17.0% Catastrophic-No Output (18175-000,34.0%)

Unknown ------- 35.0% Unknown (18175-000,18.0%) (18175-000,18.0%)
(18175-000,34.0%)

Charger,Rectifier-Stationary, Ferro-Resonant Sources:l
Degraded Output 100.0% 52.0% Degraded - Low Output (18175-000,37.0%), Degraded - High

Output (18175-000,3.0%), Degraded - Erratic Output
(18175-000,12.0%)

Unknown ------- 48.0% Unknown (18175-OOC,13.0%) (18175-000,35.0%)

Charger,Rectifier-Stationary, Magnetic Amplifier Sources:l
Degraded Output 100.0% 48.0% Degraded - Low Output (18175-000,27.0%), Degiaded - High

Output (18175-000,1.0%), Degraded - Erratic Output
(18175-000,20.0%)

Unknown ------- 52.0% Unknown (18175-000,21.0%) (18175-000,31.0%)
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FMD-91 Failure Distrfiution Summaries 3-37
Part Failure Norm Fail Data
DesC. Mode/Mech Dist. Dist. Source(s)/Details

Charger,Rectifier-Stationary, Silicon Controlled Sources:l
Degraded Output 100.0% 45.0% Degraded - Low Output (18175-000,24.0%), Degraded - High

Output (18175-000,14.0%), Degraded - Erratic Output
(18175-000,7.0%)

Unknown 55.0% Unknown (18175-000,20.0%) (18175-000,35.0%)

Charger,Stationary Sources:1
Degraded Output 58.5% 48.0% Degraded - Low Output (18175--000,29.0%), Degraded - High

Output (18175-000,6.0%), Degraded - Erratic Output
(18175-000,13.0%)

No Output 41.5% 34.0% Catastrophic-No Output (18175-000,34.0%)

Unknown 18.0% Unknown (10175-000,18.0%)

Chopper Sources:2
Contact Failure 47.5% 47.5% Contact Failure (24993-000,95.0%)

Shorted 25.0% 25.0% Short (24992-000,50.0%)

Opened 25.0% 25.0% Open (24992-000,50.0%)

Coil Failure 2.5% 2.5% Coil Failure (24993-000,5.0%)

Circuit Breaker (Summary)
Opens Without Command 29.1%
Does Not Open 27.5%
Cracked/Fractured 11.6%
Degraded Operation 8.7%
Broken 8.7%
Mechanical Failure 8.4%
Intermittent Operation 6.0%

Circuit Breaker Sources:15
Opens Without Command 27.7% 17.3% Spurious Open (24990-000,45.0%), Open (22540-000,38.0%)

(23038-001,Qty:l) (23038-001, Qty:l) (23038-001,Qty:1)
(23038-005,Qty:l) (24992-000,35.0%) (24992-000,38.0%),
Catastrophic-Opens Without Command (18175-000,1.0%)
(18175-000,1.0%) (18175-000,2.0%) (18175-000,2.0%)
(18175-000,3.0%) (18175-000,3.0%) (18175-000,4.0%)
(18175-000,4.0%) (18175-000,12.0%), Catastrophic-Fails To
Carry Current (18175-000,1.0%) (18175-000,1.0%)
(18175-000,1.0%) (18175-000,1.0%) (18175-000,1.0%),
Catastrphoic-Opens Without Command (18175-000,2.0%),
Catastrphoic-Fails To Carry Current (18175-000,1.0%),
Catastrophic-Does Not Close On Command (18175-000,14.0%),
Premature Opening (24996-000,42.0%), Open Circuit
(24997-000,38.0%), Premature trip (24997-000,16.0%)

Does Not Open 26.2% 16.4% Fails to Open (24990-000,40.0%), Close (24992-000,65.0%),
Short (22540-000,38.0%) (24992-000,38.0%) (24997-000,16.0%),
Catastrophic-Does Not Open On Command (18175-000,3.0%)
(18175-000,6.0%) (18175-000,6.0%) (18175-000,6.0%)
(18175-000,7.0%) (18175-000,7.0%) (18175-000,9.0%)
(18175-000,9.0%) (18175-OCO,19.0%), Catastrophic-Breakdown
Across Open Pole-Intern (18175-000,1.0%) (18175-000,1.0%)
(18175-000,1.0%) (18175-000,2.0%) (18175-000,2.0%)
(18175-000,4.0%) (18175-000,6.0%), Catastrophic-Breakdown

Across Open Pole-Extern (18175-000,1.0%) (18175-000,4.0%),
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3-38 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mecb Dist. Dist. Source(s)/Details

Circuit Breaker (continued)
Does Not Open (continued)

Catastrophic-Closes Without Command (18175-000,1.0%)
(18175-000,1.0%) (18175-000,1.0%) (18175-000,1.0%)
(18175-000,1.0%) (18175-000,1.0%), Catastrophic-Does Not
Break The Current (18175-000,1.0%) (18175-000,1.0%)
(18175-000,1.0%) (18175-000, 1.0%), Catastrophic-Breakdown
Between Poles-Exter (18175-000,1.0%) (18175-000,6.0%),
Catastrphoic-Does Not Open On Command (18175-000,5.0%),
Catastrphoic- Does Not Break The Current (18175-000,1.0%),
Catastrphoic-Breakdown To Earth (Internal) (18175-000,1.0%),
Catastrphoic-Breakdown Across Open Pole (Intern)
(18175-000,2.0%), Cate.strphoic-Breakdown Across Open Pole
(Extern) (18175-000,1.0%), Catastrophic-Breakdown To
Earth-Inter (18175-000,1.0%) (18175-000,1.0%),
Catastrophic-Breakdown To Earth-Extern (18175-000,1.0%),
Shorted/Grounded (23038-002,Qty:2) (23038-002,Qty:l)

Degraded Operation 19.3% 12.1% Degraded (18175-000,32.0%) (18175-000,67.0%)
(18175-000,68.0%) (18175-000,69.0%) (18175-000,70.0%)
(18175-000,70.0%) (18175-000,71.0%) (18175-000,72.0%)
(18175-000,75.0%) (18175-000,78.0%) (20609-000,Qty:9), Weak

(23038-004,Qty:l)

Cracked/Fractured 10.6% 6.6% Broken/Fractured (23038-001,Qty:2) (23038-001,Qty:3)
(23038-001,Qty:3) (23038-002,Qty:l) (23038-006,Qty:3),
Cracked (23038-004,Qty:2), Broken Fractured
(23038-006,Qty:l)

Broken 8.3% 5.2% Broken (23038-002,Qty:3) (23038-004,Qty:l)
(23038-004,Qty:l) (23038-004,Qty:10) (23038-005,Qty:l)
(23038-005,Qty:l) (23038-005,Qty:l) (23038-005,Qty:2)
(23038-005,Qty:3) (23038-005,Qty:4)

Mechanical Failure 8.0% 5.0% Mechanical Failure Of Tripping Device (24993-000,70.0%)

Unknown 11.4% Unknown (18175-000,NR) (23038-001,Qty:3) (23038-002,Qty:l)
(23038-002,Qty:l) (23038-002,Qty:l) (23038-002,Qty:l)
(23038.-002,Qty:3) (23038-004,Qty:l) (23038-004,Qty:l)
(23038-004,Qty:l) (23038-004,Qty:3) ý23038-004,Qty:9)
(23038-005,Qty:l) (23038-005,Qty:l) (23038-005,Qty:l)
(23038-005,Qty:2) (23038-005, Qty:2) (23038-005,Qty:3)
(23038-005,Qty:3) (24993-000,30.0%) (24997-000,19.0%)

Induced ------- 2.1% Caused By Other Dev. (23038-001,Qty:l) (23038-001,Qty:l)
(23038-005,Qty:l) (23038-005,Qty:l), Overload
(23038-001,Qty:l) (23038-004,Qty:l), Wrong Part
(23038-004,Oty:l) (23038-004,Qty:3)

Other (<%5) ------- 23.9%
Loss of Control 3.1% Control Inoperative (23038-001,Qty:l) (23038-002,Qty:l)

(23038-003,Qty:l) (23038-004,Qty:l) (23038-006,Qty:l)

Intermittent Operation 3.0% Unstable (22540-000,19.0%) (24992-000,19.0%), Intermittent
(23038-004,Qty:1) (24997-000,11.0%)

Burred 2.9% Burred/Charred (23038-003,Qty:l) (23038-003,Qty:l)

No Operation 2.6% Failures In Operation (24996-000,32.0%)

Fails to Close 1.8% Fails to Close (24990-000,5.0%1 (24996-000,5.0%),
Catastrophic-Does Not Close On Command (18175-000,NR)
(18175-000,10.0%) (18175-000,13.0%) (18175-000,13.0%)
(18175-000,13.0%) (18175-000,15.0%) (18175-000,16.0%)
(18175-000,18.0%) (18175-000,25.0%), Catastrophic-Does Not

Make The Current (18175-000,1.0%) (18175-000,1.0%)
(18175-000,1.0%) (18175-000,2.0%), Catastrphoic-Does Not

Clcse On Command (18175-OOC,15.0%)

Contact Failure 1.5% Contact Defective (23038-001,QtyM:) (23038-002,Qty:l),
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FMD-91 Failure Distribution Summaries 3-39
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Circuit Breaker (continued)
Other (continued)

Contacl/Conn Defect (23038-006,Qty:l)

Seized 1.5% Seized (23038-002,Qty:3), Bind/Friction/Seized
(23038-002,Qty:2)

Worn 1.4% Worn Excessively (23038-001,Qty:l) (23038-004,Qty:8)

Lamp Failure 1.4% No Indicating Light (23038-003,Qty:l)

Arcing/Sparking 1.2% Arcing And Damage (24990-000,10.0%), Arcing
(22540-000,5.0%) (24992-000,5.0%)

Loss of Power 0.6% Electrical Pwr Loss (23038-001,Qty:l) (23038-001,Qty:l)

No Output 0.6% No Output (23038-001,Qty:l) (23038-004,Qty:l)
(23038-004,Qty:l)

Insulation Failure 0.4% Insulation Breakdown (23038-002,Qty:l) (23038-004,Qty:l)

Bent/Dented/Warped 0.4% Dented (23038-005,Qty:2)

Drift 0.3% Fluctuates Unstable (23038-002,Qty:l)

Jammed/Stuck 0.3% Jammed (23038-002,Qty:l)

Incorrect Voltage 0.3% Incorrect Voltage (23038-002,Qty:l)

Burned/Charred 0.3% Burned/Charred (23038-004,Qty:2)

Blown Fuse 0.2% Fuse Blown (23038-005,Qty:l)

Breakdown Between Poles <0.1% Catastrophic-Breakdown Between Poles-Exter
(18175-000,1.0%), Catastrophic-Breakdown Across Open
Pole-Intern (18175-000,2.0%)

Breakdown to Earth <0.1% Catastrophic-Breakdown To Earth-Extern (18175-000,1.0%)

Circuit Breaker,Magnetic Sources:1

Stuck Open 38.8% 33.2% Stuck Open (20609-000,Qty:62)

No Movement 18.1% 15.5% No Movement (20609-000,Qty:29)

Noisy 11.9% 10.2% Noisy (20609-000,Qty:19)

Intermittent Operation 10.6% 9.1% Intermittent (20609-000,Qty:17)

Stuck Closed 10.0% 8.6% Stuck Closed (20609-000,Qti',14), Short (20609-000,Qty:2)

Out of Adjustment 5.6% 4.8% out of Adjustment (20609-000,Qty:9)

Cracked/Fractured 5.0% 4.3% Cracked/Fractured (20609-000,oty:8)

Unknown 7.0% Unknown (20609-000,Qty:13)

Other ((%5) 7.5%

Spurious/False Operation 3.2% False Response (20609-000,Qty:6)

Out of Spec. 1.6% Out of Specification (20609-000,Qty:3)

Improper Timing 1.11 Improper Timing (20609-000,Qty:2)

Seized 0.5% Seized (20609-000,Qty:l)

Breach 0.5% Breach (20609-000,Qty:l)
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3-40 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Circuit Breaker,,Magnetic (continued)
Other (continued)

Arcino/Sparking 0.5% Arcing (20609-000,Qty:l)

Circuit Breaker,Power Switch Sources:2

Stuck Open 33.8% 16.2% Stuck Open (20609-000,Qty:21)

No Movement 17.7% 8.5% No Movement (20609-000,Qty:ll)

Connector Failure 23.1% 6.3% Connector Defective (19542-000,12.5%)

Out of Adjustment 9.7% 4.6% Out of Adjustment (20609-000,Qty:6)

Stuck Closed 9.7% 4.6% Stuck Closed (20609-000,Qty:6)

Intermittent Operation 8.0% 3.8% Intermittent (20609-000,Qty:5)

Seized 8.0% 3.8% Seized (20609-000,Qty:5)

Unknown 33.6% Unknown (19542-000,62.5%) (20609-000,Qty:3)

Induced 12.5% Improper Connections (19542-000,25.0%)

Other (<%6) 6.2%

Unstable Operation 2,3% Unstable (20609-000,Qty:3)

Shorted 1.5% Short (20609-000,Qty:2)

Cracked/Fractured 1.5% Cracked/Fractured (20609-000,Qty:2)

Overheated 0.8% Overheated (20609-000,Qty:l)

Circuit Breaker,Thermal Sources:l
Stuck Open 66.7% 66.7% Stuck Open (20609-000,Qty:2)

Shorted 33.3% 33.3% Short (20609-000,Qty:l)

Clamp, Hose Sources:1
Worn 50.0% 50.0% Worn - Broken/Damaged (25101-000,Qty:l)

Stripped 50.0% 50.0% Stripped (25101-000,Qty:l)

Clamp, Shaft Sources:1
Bent/Dented/Warped 33.3% 33.3% Warped/Bent - Inop Man Elevation (25101-000,Qty:l)

Out of Adjustment 33.3% 33.3% Out Of Adjustment - Binding/Sticking (25101-000,Qty:l)

Corroded 33.3% 33.3% No Failure - Corroded (25101-000,oty:l)
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FMD-91 Failure Distribution Summaries 3-41
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Clutch (Summary)
Worn 17.5%
Binding/Sticking 17.1%
No Movement 16.5%
Bearing Failure 13.9%
Degraded Output 13.8%
Slipping 11.8%
Loss of Torque 9.3%

Clutch Sources:3
Worn 33.3% 33.3% Worn Out (20609-000,Qty:4), Mechanical Types-Wear

(24996-000,NR)

No Movement 31.3% 31.2% Antenna Fails to Rotate (19542-000,62.5%)

Out of Adjustment 12.5% 12.5% Needs Adjustment (19542-000,25.0%)

Displaced 8.3% 8.3% Displaced (20609-000,Qty:l)

Jammed/Stuck 8.3% 8.3% Jammed (20609-000,Qty:l)

Degraded Output 6.3% 6.2% Antenna Moves Slowly (19542-000,12.5%)

Other 0.0%
Mechanical Failure NR Mechanical Types-Mechanical Slippage (24996-000,NR),

Mechanical Types-Failure of Actuating Mechanisms
(24996-000, NR)

Connection Failure NR Magnetic Types-Faulty Connections (24996-000,NR)

Clutch Assembly Sources:1
Broken 100.0% 25.0% Brciken/Eeparated - Inop Man Elevation (25101-000,Qty:l)

Induced ------- 75.0% Improper Maintenance - Ncisy (25101-000,Qty:l), Lack Of
Lubrication - Noisy (25101-000,Oty:2)

Clutch, Magnetic Sources:1
Bearing Failure 60.0% 52.9% Bearing Wear (24993-000,45.0%)

Losb of Torque 40.0% 35.3% Loss Of Torque Due To Internal Mechanical Degred
(24993-000,15.0%), Loss Of Torque Due To Coil Failure
(24993-000,15.0%)

Unknown ------- 11.8% Unknown (24993-000,10.0%)

Clutch, Mechanical Sources:1
Binding/Sticklng 55.0% 55.0% Bind (24990-000,55.0%)

Slipping 45.0% 45.0% Slip (24990-000,45.0%)
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3-42 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Scurce(s)/Details

Clutch, Reverse Lock Sources:l
Degraded Output 52.2% 46.2% Internal Failure - Abnormal Operation (25101-000,Qty:12)

Creep 17.4% 15.4% Internal Failure - Creep (25101-000,Qty:l), Worn - Creep
(25101-000,Qty:3)

Binding/Sticking 13.0% 11.5% Internal Failure - Binding/Sticking (25101-000,Qty:3)

Skipping 8.7% 7.7% Skips (25101-000,Qty:2)

No Operation 4.3% 3.8% mhop Man Elevation (25101-000,Qty:l)

Corroded 4.3% 3.8% Corroded-Creep (25101-000,Qty:l)

Unknown 11.5% Unknown (251C1-000,Qty:3)

Coil (Summary)
Opened 37.9%
Shorted 23.5%
Drift 14.8%
Insulation Failure 14.6%
Lead Damage 4.8%
Wire Failure 4.5%

Coil Sources:9
Opened 42.6% 40.1% Open (24990-000,75.0%) (24992-000,10.0%) (25000-000,Qty,2)

(25000-000,Qty:2) (25000-000,Qty:3) (25000-000,Qty:53),
Open-Starved solder joint (25001-000,Qty:l), Open Winding
(24993-000,25.0%), Opened (20609-000,Qty:55), Open Magnet
Wire (10722-000,Qty:l), Open-Broken Winding Wires
(25038-000, NR)

Drift 18.6% 17.5% Parameter Drift-Delta L (25000-000,Qty:2) (25000-000,Qty:3)
(25000-000,Qty:3) (25000-000,Qty:3) (25000-000,Qty:3),
Parameter Drift-Delta Q (25000-000,Qty:l), Parameter
Drift-Delta R (25000-000,Qty:l) (25000-000,Qty:4)
(25000-000,Oty:6) (25000-000,Oty:16) (25000-000,Qty:16)
(25000-000,Qty:31), Parameter Drift-Insulation Resistance
(25000-000,Qty:l) (25000-000,Qty:l) (25000-000,Qty:19),
Parameter Drift-General (25000-000,oty:7)
(25000-000,Qty:58), Drift (20609-000,Qty:66)
(24992-000,26.7%)

Shorted 18.5% 17.4% Short Dielectric Strength (25000-000,Qty:l)
(25000-000,Oty:l) (25000-000, Qty:3) (25000-000,Qty:3)
(25000-000,Qty:4), Short - General (25000-000,oty:l)
(25000-000, Qty:1) (25000-000,Qty:l) (25000-000,Qty:4), Short
'10722-000,0ty:2) (20609-000,Qty:8) (24990-000,25.0%)
(24992-000,48.3%), Short-Insulation Breakdown (25038-000,NR)

Insulation Failure 11.4% 10.7% Insulation Deterioration (24993-000,75.0%)

Lead Damage 6.1% 5.7% Fractured/Damaged Leads-Mold Pinch (10722-O00,Qty:2)

Dielectric Breakdown 1.4% 1.4% Breakdown Betwen Winding and Core or Case Surface
(25016-000,NRs, Dielectric BLeakdown (24992-000, 10.0%)

Unstable Operation 1.4% 1.4% Unstable (24992-000,10.0%)

Unknown 3.8% Unknown (20609-000,Qty:40) (25000-000,NR)
(25000-000, Oty: 13)

Other (0%2) 1.9%
Intermittent Operation 0.9% intermittent (20609-000,Qty: 7 ) (25000-000,Qty:21

(25000-000,Qty:S)
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,NMt,-91 Failure Distribution Summaries 3-43
Pr'. .ilure Nnrr Fail Data
Deofi. N' de/Mech Dist. Dist. Source(s)/Detaila

Other (continued)
Seal Failure 0.5% Seal Leak (25000-000,Qty.2) (25000-000,Qty:8)

Mechanical Damage 0.3% Mochnical Damage (25000-000,Qty:l) (25000-000,Qty:6)

Leaking 0.2% Leaking (20609-000,gty:2)

Loss of Q NR Radical Decrease or Loss if 0 (25016-000,NR)

Change in Value NR Radical Decrease or Loss of Inductance (25016-000,NR)

Change in Resistance NR Decrease of Insul. Resis. Between Winding and Core
(25016-000,NR), Change in DC Resistance of Winding
(25016-000,NR)

Winding Failure NR Open or Short Circuit in Winding (25016-000,NR)

Broken NR Broken Lead (25038-000,NR)

Ccil,Radio Frequency Sources:3
Shorted 38.5% 36.4% Short (24997-000,72.0%), Shorted Turns (24417-002,NR)

Insulation Failure 24.4% 23.0% Insulation Breakdown (25038-000,14.0%), Insulation
Deterioration (25038-000,32.0%)

Wire Failure 19.6% 18.5% Wire over-stress (25038-000,37.0%)

Opened 17.6% 16.6% Open Circuit (24997-000,16.0%), Open Terminations
'24417-002,NR), Faulty Leads (25038-000,17.0%)

Induced ------- 2.8% Quality Defects (24997-000,5.5%), Degradation of 0
(24417-002,NR)

Unknown ------- 2.8% Unknown (24997-000,5.5%)

Collimator Sources:1

Moisture Intrusion 100.0% 23.5% Internal Moisture (25101-000,Qty:4)

Unknown 41.2% Unknown (25101-000,Qty:l) (25101-000,Qty:6)

Induced ------- 35.3% Lack Of Maintenance - Internal Moisture (25101-000,Qty:2)
(25101-000,Qty:4)

Compressor Sources:l

Seal/Gasket Failure 32.4% 29.0% Leaks from Gaskets and Seals (24996-000,28.0%)

Bearing Failure 29.5% 26.4% Bearings Failure (24996-000,25.5%)

Valve Failure 20.8% 18.7% Valves Failure (24996-000,18.0%)

Cooling Failure 9.2% 8.3% Cooling Failure-If Water Cooled (24996-000,8.0%)

Impeller Failure 8.1% 7.3% Impeller Failure (24996-000,7.0%)

Unknown 10.4% Unknown (24996-000,10.0%)
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3-44 Failure Distributlon Sumnaries FMD-91
Part Failure Norm Fail Data
Dosc. Mode/tech Dist. Dist.. Source(s)/Details

Computer Peripheral,Disk Drive,Comp Tape Sources:1

Connection Failure 50.5% 4.7% Loose Connection (19542-r00,4.7%) (19542-000,4.7%)

IC Failure 24.7% 2.3% Defective IC (19542-000,2.3%) (19542-000,2.3%)

Data Lose 24.7% 2.3% Data Lout From Tapes (19542.-000,2.3%) (19542-0U0,2.3%)

Unknown 65.1% Unknown (19542-000,65.1%) (19542-000,65.1%)

Induced . . 5.6% Defective (19542-000,25.6%) (19542-000,25.6%)

Computer Peripheral,Track Ball S(urces:l

Lamp Failure 50.3% 9.7% Dofective Lamp (19542-000,9.7%)

Connector Failure 16.6% 3.2% Lcose Connector (19542-000,3.2t)

IC Failure 16.6% 3.2% Defective IC (19542-000,3.2%)

Diode Failure 16.6% 3.2% De-oUcLive Diode (19542-000,3.2%)

Induced 71.0% Defective Component (19542-000,67.7%), Improper Soldering
Ins'.de (19542-000,3.2%)

Unknown ------ 9.7% Unknown (19542-000,3.2%) (19542-000,6.5%)

Cornputer,Mass Memory Sources:1
Software Failure 38.4% 24.7% Won't Accept Certain Programs (19542-000,1.0%), Won't Load

(19542-000,19.8%), Won't Record (19542-000,4.0%)

Sensor Failure 24.7% 15.8% Defective Sensor (19542-000,14.9%), Defective Vacuum
Chamber Sensor (19542-000,1.0%)

No Rewind 15.3% 9.9% Won't Rewind (19542-000,9.9%)

IC Failure 10.7% 6.9% Defective IC (19542-000,6.9%)

Transistor Failure 6.2% 4.0% Defective Transistor (19542-000,3.0%), Defective Transistor
in Servo Assembly (19542-000,1.0%)

Motor Failure 4.7% 3.0% Capstan Motor Defective (19542-000,1.0%), Capstan Motor
Jammed (19542-000,1.0%), Defective Motor Assembly
(19542-000,1.0%)

Unknown 12.8% Unknown (19542-000,1.0%) (19542-000,1.0%) (19542-000,2.0%)
(19542-000,8.9%)

Inducea 6.0% Cable Wires Switobad (19542-000,1.0%), Defective Soldering
on IC (19542-000,2.0%), MTC Detective (19542-000,1.0%), Q1 &
Q2 Improperly Otiented (19542-000,1.0%), Krong Fuse Was
Installed (19542-000,1.0%)

Other (<%4) 16.9%
Power Supply Failure 2.0% Defective Power Supply (19542-000,1.0%), Power Supply

Defectiv, (19542-000, 1.0%)

Disc Failrre 2.0% Defective Disc (19542-000,1.0%), Floppy Drive One Is

Defe'tive (19542-000, 1.0%)

Capacitor Failure 2.0% Defective Capacitor (19542-000,2.0%)

Connection Failure 2.0% Sad Solder Joints On Connector Pins (19542-000,1.0%),
Connector Pins Have Broken (19542-000,1.0%)

Read/Write Head Failure 1.0% Read/Write Head Is Defective (19542-000,1.0%)
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FMD-91 Failure Distribution Summaries 3-45
Part Failure Norm Fail Data
Deac. Made/Mech Dist. Dist. Source(s)/Deta:Lls

ComputerMass Memory (continued)
Other (continued)

Cable Failure 1.0% Ribbon Cable Broken (19542-000,1.0%)

Servo Amp Failure 1.0% Servo Amp Defective (19542-000,1.0%)

Connector Failure 1.0% Two Pins Shorted on Connector (19542-000,1.0%)

Pin Damage 1.0% Pins 1 & 3 Are Damaged (19542-000,1.0%)

Blown Fuse 1.0% Fuse Blown (19542-OOC,l.0%)

Loss of Control 1.0% Defective Control System (19542-000,1.0%)

Check Valve Failure 1.0% Dafective Check Valve (19542-000,1.0%)

Reel Hub Assbly Failure 1.0% Bad Reel Hub Assembly (19542-000,1.0%)

Computer, System Sources:l

Hardware Failure 57.2% 50.1% Hardware (24997-000,50.0%)

Software Failure 42.8% 37.4% Software (24997-000,37.4%)

Induced 12.5% Operator (24997-000,12.5%)

Computer, System, Large Sources:l
Hardware Failure 57.2% 50.1% Hardware (24996-000,50.0%)

Software Failure 42.8% 37.4% Software (24996-000,37.4%)

Induced 12.5% Operator (24996-000,12.5%)

Connection, Solder Sources:2
Opened 66.7% 50.0% Open (24994-000,100.0%)

Broken 33.3% 25,0% Break (24990-000,50.0%)

Unknown 20.0% Unknown (24990-000,40.0%)

Induced 5.0% No Solder (24990-000,10.0%)

Other 0.0%
Shorted NR Short (24994-000,NR)

Drift NR Drift (24994-000,NR)

Connector (Summary)
Opened 33.6%
Mechanical Damage 25.1%
Intermittent Operation 12.6%
Shorted 9.0%
Mechanical Failure 7.3%
Broken 6.4%
Insertion Loss 6.1%
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.3-46 Failure Distribution Summaries FMD-91
Part Failure Norm Fail. Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Connector Sources: 17
Opened 39.0% 29.2% Open Circuit (24990-000,60.01) (24996-000,32.0%)

(24997-000,32.0%), High Z (24991-000,33.0%)
(24991-000,80.0%k) (24991-000,94.0%) (24991-000,100.01)
(24991-000,100.00), Open (24992-000,21.5%) (24992-000,36.0%)
(25038-000,36.0%), Contact Resistance (24992-000,5.4%)
(24996-000, 9.0%) (24997-000, 9.01) (25038-000, 9.0t),
Contaminated (24992--r00, 9.0%), Connect Defective
(23038-00l,oty:l), Corroded (20609--000,Qty:7)
(23038-002,oty:l) (23038-002,Qty:4) (23038-004,oty~l),
Contact Defective (23038-002,Qty:l), Dirty
(23038-002,Qty~l), Contact/Conn Defect (23038-004,Qty:1)
(23038-005,Oty:l) (?13038-006,Qty:?) (25464-00O,Qty:40),
Opened (20609-O00,Qty:407), Open Pin (4, 20)-No solder Used
Cnly Crimped (10722-000,Qty:2), Opens-Mishandling
(10722-000,Qty:5), Open-Fracture In The Flex Tape Conductor
('.0722-000,Qty:1), Open Circuit-Wire Fract. Adjacent To
Solder Joint (1O722-000,Qty:l), Open Wires-Mechanical Stress
(10722-000,Qty:6), Open-cracked Copper Paths
(10722-000,Qty:l), Corroded Mild/Moderate (25464-000,Qty:3)

Mechanical Damage 26.1% 19.6% Mechanical DamAge (24992-000,24.0%) (25038-000,24.0t),
Broken/Fractured (23038-001,Qty:l) (23038-00l,Oty:l)
(23038-001,Qty:l) (21038-001,Qty: 1) (23028-00l,Qty: 1)
(23038-00l,oty:l) (23038-00l,Qty:4) (23038-002,Qty:l)
(23038-002,oty:l) (23036-002,Oty:l) t23038-002,Qty:2)
(23038-002, Qty-,2) (23038-006, Oty: 1) (23038-006, oty: 1)
(23030-006,oty:1) (23038-006,Qty:l), Bent/Dented Start
(23038-O0l,Qty.,l), Cut/Torn (23038-00l,Qty:l),
Broked/Fracturect (23038-00l,Oty:l), Cracked
(23038-00l,oty:l) (23038-006,Qty:l) (25464-000,Qty:8),
Broken (23038-002, QLy:3) (23038-002,Qty:3) (23038-002, Qtv:3)
(23038-002,Qty:4) (23038-003,Qty:l) (23038-O03,(Ity:1)
(23038-003,Oty:l) (23038-003,Qty:l) (23038-003,Oty:l)
(23038-003,Qty:l) (23038-003, Qty:2) (23038-O03,Qty:2)
(23038-003,Qty:-2) (23038-004,Qty:l) (23038-005,Qty:l)
(23038-005,Oty:1) (23038-005,Qty:1) (23038-005,Qty:l)
(23038-005,Qty:1) (23038-005,Qty:l) (23038-005,Qty:2)
(23038-005,Qty:2) (23038-005,Qty:3) (25464-000,Qty:367),

Weld Cracked (23038-002,Qty:1), Stripped (23038-003,oty-.l)
(23038-00' Qty:2), Distorted (23038-005,Qty:l), connector
Fractured-Mechanical Overstress (10722-000,Cty:l), Damaged
Connector (25027-000,oty:l)

Intermittent operation 17.5% 13.1% Intermittent (20609-000,Qty:326) (23038-006,Qty:l)
(24990-000,20.04d) (24992-000,22.0%) (24996-000,20.0%)
(24997-000,20.0%) (25038-000,22.0%d), Intermittent Connection
(25027-000,Qty:l) (25027-000,Qty:12), Intermittent or open

Circuit (24996-000,NR) (24997-000, NR)

Chorted 10.8% 8.1%b Short (20609-000,Oty:8) (24990-000,10.0t) (24992-000,9.0%)
(24992-000, 19.1%) (24996-000,NR) (24996-000,7.0%)
(24997-000,NR) (24997-000,NR) (24997-000, 7.0t)
(25038-000,9.0t), Low Z (24991-000,NR) (24991-000,NR)
(24991-000,0.1%) (24991-000,20.0%) (24991-000,67.0%), Shorts
(Poor Sealing) (24993-000,30.0%), Shorted/Grounded
(23038-00i,Qty:1) (23038-001, Oty: 1) (23038-001, Qty:2)
(23038-002,Qty:l) (23038-002. Qty:2) (23038-003, Qty: 1)
(23038-003,Qty:1) (23O38-003,Qty:1) (23038-OOS,Qty:l)
(23038-006,oty:1), Shorted Pin (2502 1-000, oty: 1)

M(.chanical Failure 6.6% 4.9% Mechanical Failure Of Solder Joints (74993-U00,25.C%),
Miscellaneous Mechanical Failures (24993-000,15.0%),
Mechanical Failure (24996-000,NR) (24996-000,22.0%k)
(2499'-000,NR) (24997-000,22.01ý), Mechanicz.1 Failure and
Coupling Prný*'1mme (?49c)7-'00,NR)

Induced--------------------4.81k Damaged For Test Pur (23038-r1Ol,Oty:l), Missing
(23038-00l,Qty:1) (23038-002,Qty:1) (23038-002,Qty:4)
.23038-003,Qty:l) (23038-0O5,Qt~y:1) C23038-O05,Qty:l)
(23038-005,Qty:1) (23039-006, Oty: 1). (23038-006, Qty: 1)

Reliability Analysis Center (RAC) 9 201 Mflii St., Rome, NY 13440 * 315-337-090



FMD-91 Failure Distribution Summaries 3-47
Part Failure Norm Fail Data
Doec. Mode/Mech Dist. Dist. Source(s)/Details

Connector (continued)
Induced (continued)

(23038-006,Qty.4), Miswirod (23038-00l,oty 1),
chipped/Nicked (23038-0C2,Qty:1), Chipped (23038-002,Qty:l),
Cannibalize (23038-002,Qty:1), Missing; Maintenance
(23038-002,Qty:2), Wrong Part (23038..004,Qty~l), Wet
(23038-005,Qty:1), Caused By Other Dev. (23038-0OS,Qty:l)

Unknown--------------------4.0% Unknown (20609-000,oty:15) (20609-000,Qty:75)
(23038-001,Qty:1) (23038-001,Qty:2) (23038-00l,Qty:3)
(23038-002,Qty:1) (23U38-002,Qty:2) (23038-002,Qty:2)
(23038-003,Oty:l) (23038-003, Oty: 1) (23038-004,Oty: 1)
C23038-005,Oty:1) (23038-005,Qty:l) (23038-005,Qty:l)
(23038-005,Qty:2) (23038-006,Qty: 1) (24996-000, NR)
(24997-000,NR) (24997-000,NR)

other (<%4) ---- 16.3%
Change in Resistance 2.414 High Resistance (24990-000,10.0%), Degradation of

Insulation Resistance (24993-000,20.0%), Poor Contact
Resistance (24993-000,10.0%), High and Erratic Contact
Resistance (24997-000,NR)

Worn 2.1% Worn Excessively (23038-002,Qty:l) (23038-002,Qty:1)
(23038-004, Qty:2) (23038-005,Qty: 1) (23038-005,Qty: 4), Worn
Out (20609-000,Qty:10), Worn, Chaffed, Frayed, or Torn
(25464-000, Qty: 4)

Loose 2.0% Loose (23038-00l,Qty:l) (23038-00l,Qty:2) (23038-002,Qty:l)
(2303B-002,Oty.,2) (23038-002,Qty:2) (23038-005,Qty:1)
(23038-006,Qty:2), Loose, Damaged, or Missing Har
(25464-000, Qty:21)

Drift 1.6% Fluctuates/Unstable (23038-001,Qty:l) (23038-0Ol,Qty:3)
(23038-004,Qty:l) (23039-006,Oty:l), Fail To Tune/Drift
(23O38-0O2,Qty:2), Fluctuates, Unstable or Errati
(25464-000, oty: 4)

Audio Fault/Failure 1.6% Audio Faulty (23038-001,Oty.1) (23038-002,Qty:1)
(23038-003,Oty:3) (23038-005,Qty: 1) (23038-005, Qty: 3)

Spurious/False Operation 1.2% Faulty Reading (23038-00l,Qiy:l) (23038-002,Qty:l)
(23038-004,Qty:1) (23038-004,Qty:l)

Coupling Failure 1.2% Coupling Problems (24996-000,10.0'k) (24907-000,10.0%)

Dielectric Breakdown 1.0% Dielectric Breakdown (24992-000,33.8%)

Unstable Operation L.7% Unstable (23038-001,Qty:l) (24992-000,20.2%)

Incorrect Voltage 0.6% Incorrect Voltage (23038-00l,Qty-.l) (23038-004,Qty:l)

Loss of Control 0.6% Control Inoperative (2303e-003,Qty:l) C23038-006,Qty:l)

Burred 0.5% Burred (23038-004,Qty:1)

Insulation Failure 0.4% Insulation Breakdown (23038-001,Qty-.l) (23038-00l,Qty:l)
(23038-001, Qty: 1)

Brittle 0.21b Brittle (23038-003,Qty:l)

Shafting 0.1% Shafting (23038-001,Qty:l)

Arcing/Sparking <0.1% Arcing (20609-OO0,Qty:6)

Biniding/Sticking <0.1% Binding (20609-000,Qty:4), Binding, Stuck or Jammed
(25464-000, Qty: 1)'

Burned/Charred <0.11 Burned C20609-000,Qty:4)

Degraded Operation <0.1% Weak (20609-000,Qty:l)
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3-48 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Connector (continued)
Other (continued)

Leaking <0.1% Leaking (20609-000,Oty:l?

Clogged/Clogging <0.1% Clogged (20609-000,Qty:l)

Connector,Circular Sources:2
Induced <0.1% Cocked Pins (13933-000,NR)

Other 100.0%
Bent/Dented/Warped NR Bent Pins (13933-000,NR)

Broken NR Broken Pins (13933-000,NR)

Opened NR Open Contacts-Contamination (13933-000,NR)

Change in Resistance NR High Resistance Contacts-Contamination (13933-000,NR)

Mechanical Damage NR Damage to Contact Retaining Mechanism (24417-000,NR)

Connector, Circular, Multicontact Sources:2
Mechanical Failure 62.9% 61.7% Gross Mechanical Failures (24996-000,64.5%), Gross Mech.

Failures Coupling & Mismating Problem (24997-000,64.5%)

Mismating Problems 22.5% 22.1% Coupling & Mismating Problems (24996-000,64.5%)

Change in Resistance 5.4% 5.3% High Contact or Erratic Resistance (24996-000,5.5%)
(24997-000,5.5%)

lntermittent Operation 4.9% 4.8% Intermittent or Open Circuit (24996-000,5.0%)
(24997-000,5.0%)

Shorted 4.4% 4.3% Short (24996-000,4.5%) (24997-000,4.5%)

Unknown 1.9% Unknown (24996-000,2.0%) (24997-000,2.0%)

Connector,Coaxial,F.R.R.F. Sources:2

Flashover 66.5% 44.2% Terminations (24996-000,44.0%)- (24997-000,44.0%)

Mismating Problems 16.6% 11.1% Mismating (24996-000,11.0%) (24997-000,11.0%)

Cross Failure 8.5% 5.6% Cross Failure (24996-000,5.6%) (24997-000,5.6%)

Contaminated 8.5% 5.6% Contamination (24996-000,5.6%) (24997-000,5.6%)

Unknown 33.5% Unknown (24996-000,33.3%) (24997-000,33.3%)

Connector,Filter Sources:1
Shorted 100.0% 100.0% Short-Severe External Electrical Overstress

(10722-000,1.0%)
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FMD-91 Failure Distribution Summaries 3-49
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Connector,Flex Sources:1
Shorted 100.0% 100.0% Short-Shorted Due To Misplacement Of Pin 18

(10722-000,Qty:l)

Connector,Microwave Sources:l
Insertion Loss 80.0% 80.0% High Insertion Loss (High VSWR) (25015-000,80.0%)

Opened 20.0% 20.0% Open (25015-000,20.0%)

Connector, PWB Sources:3
Broken 66.7% 66.7% Broken/Damaged (17867-000,Qty:l) (17 867-000,Qty:l)

Bent/Dented/Warped 33.3% 33.3% Bent Pin Replaced (17867-000,Qty:l), Bent Pin-Misalignment
(13740-000, NR)

Unknown <0.3% Unknown (24996-000,NR)

Other 0.0%

Mechanical Overstress NR Insertion/Withdrawl Stress Damage (13740-000,NR)

Corroded NR Corrosion (13740-000,NR)

Change in Resistance NR High or Erratic Contact Resistance (24996-000,NR)

Shorted NR Short (24996--000,NR)

Mechanical Failure NR Mechanical Failure and Coupling Problems (24996-000,NR)

Connector,Pin Sources:1
Broken 100.0% 100.0% Broken Scrands-Tensile Failure (10722-000,Qty:l)

Connector,Receptacle, Electrical Sources :1
Pin Damage 66.7% 66.7% Damaged Pin (25027-000,Qty:l) (25027-000,Qty:2)

(25027- 000,Oty:3)

Broken 33.3% 33.3% Broken Pins (25027-000,Qty:l) (25027-000,Qty:2)

Connecto•,Recýangular,Multicontact Sources:2
Unknown- <0.1% Unknown (24996-000,NR) (24997-000,NR)

Other ------ 100.0%
Intermittent Operation NR Intermittent or Open Circuit {24996-000,NR) (24997-000,NR)

Mechanical Failure NR Mechanical Failure and Coupling Problems (24996-000,NR)
(24997-000,NR)
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3-50 Failure Distribution Summnaries ___ FMD-91
Part Failure Norm Fail Data
Deac. Mode/Mach Dist. Dist. Source(s)/Detaclla

Connector, Socket SourcesO:
Contact Failure 47.6% 43.3% Contact Failure (24993-000,30.01), High Contact

Resiutanco-Contacts Pitted (10722-000,Qty:2)

Mechanical Failure 14.6% 13.3% Mechanical Failure Of Solder~ Joints (24993-000,25.0t),
Miscellaneous Mechanical Failures (24993-000,15.0%)

Out of Spec. 12.7% 11.5% out of Tolerance (?0609-0(JO,Qty:9)

Aged/Deteriorated 11.0k 10.0% Material Deteriorat ion (24 993-000, 30.0%)

Bent/Dented/Warped 9.9% 9.0% Distorted (20609-000,Qty:7)

cracked/Fractured 4.2% 3.8% Cracked/Fractured (20609-000,Qty:3)

Unknown ------ 9.0% Unknown (20609-000,Qty:7)

Contact,Post & Wire Sources :1
Broken 100.0% 100.0% Break-Cyclic Fatigue (10722-000,Oty:l)

Controller,E~le-tromechanical Sources:l
Erroneous Output 75.0% 63.0% Level Setting Failure(Erroneous Reading) (24996-000,37.0%),

Meter or Gauge Failure to Indicate (24996-000,26.0%)

Loss of Control 25.0% 21.0% Control Circuit Failure-Open (24996-000,21.0%)

Unknown ---- 16.0% Unknown (24996-000,16.0%)

Conveyor System,Belt System Sources:l

Belt Failure 50.0% 50.0% Belt Failure (24996-000,50.0%k)

Idler Failure 40.0% 40.0% Idler Failures (24996-000,40.0%)

Motor Failure 6.5% 6.5% Motor Failure (24996-000,6.5%)

Drive Pulley Failure 3.5% 3.5% Drive Pulley F~ailure (24496-000,3.5%)

Cooling Coil Sources :1
Leaking 100.0% 80.0% Leaking (20609-OOO,Qty:12)

Unknown ---- 20.0% Unknown (20609-000,Qty:3)

Counter Sources :1
Out of Adjustment 45.7% 28.1% out Of Adjustment - Inaccurate (25101-000,Oty:l)

(2510i-000,Qty:ll), Out Of Adjustnv nt -Excessive Play
(25101-000,Qty:l), out of Adjustment -Skips

(25101-000,Qty:l), Out Of Adjustment -Incomplete

(25101-000,Qty:l). Out Of Adjustment -Iriop/Unserviceable

Binding/sticking 20.0* 12.34 Hinding/Sticking 1,25101-OOO,Qty:1), Internal Failure -
Binding/Sticking (2511j1-000,Oty:1) (25l0l-OOO,Qty:3), Mo
Failure - Binding/Sticking (25101-O00,Qty:2)

Skipping 14.3% 8.9% Internal Failure - Skips (25101-000,Qty:1)
(251ln1-0O0,Qty:2), Skips (25101-000,Qty:l), Worn - Skips
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FMD-91 Failure Distribution Summaries 3-51
Part Failure N~ormW Fail Dat a
Disc. Mode/Mech Dist. Dist. Source(s)/Dotails

(rounte, (continued)
Skipping (continued)

(25101-000, Qty: 1)

Excessive Play e.6't 5.3t. Internal Failure - Excessive Play (25101-000,Qty:l),
Excessive Play (2510l-000,Oty:l), No Failure - Excessive
Play (2.9101-000,Qty:1)

Worn 5.7% 3.5% Worn - Inaccurate (25101-000,Qty:1), Worn -

Inop/Unser,-iceable (25101-000, Oty: )

Degraded Output 5.7% 3.5% Internal Failure - Abnormal Operation (25101-000,Qty:2)

induced ---- 17.5% Improper Installation - Imp Assembly/Installation
(25101-000,Qty:l), Lack Of Maintenance - Binding/Sticking
(25101-000,Qty:3), Imiproper Installation -
Inop/Unserviceable (25101-000,Qty:l), Internal Failure -
inaccurate (25101-000,Qty:2) (25101-000,Qty:3)

Unknown ---- 1.3% Unknown (25101-000,Qty:l) (25101-000,Qty:6)

Other (<%.4) ---- 8.8%

Stripped 1.8% Worn/Stripped - Inop/Unserviceable (25101-000,Oty:l)

Aged/Deteriorated 1.8% Deteriorated/Aged -Leaking Nitrogen (2510i-000,Qty~l)

Broken 1.8% internal Failure -Broken/Damaged (25101-000,Qty:l)

Seal Failure 1.8% Seals Worn - Inop/Unserviceable (25101-000,Qty:1)

Seized 1.8% Internal Failure - Seized (25101-000,Oty:l)

Counter Assembly Sources :1
Binding/Sticking 30.2% 21.7% Internal Failure - Binding/Sticking C25101-000,Qty:3)

(25101-000,Oty:9), Binding/Sticking (25101-000,Qty:l)

Skipping 18.6% 13.3% Skips (25101-000,Qty:l) (25101-C00,Qty:2), Internal Failure
- Skips (25101-000,Qty:l) (25101-OOOQty:3), No Failure -
skips (25101-000,Qty:l)

Excessive Play 16.3% 11.7% Excessive Play (25101-000,Qty.l) (25101-000,Qty:l),
Internal Failure - Excessive Play C25101-000,Qty:l)
(25l01-000,Qty:3), Part Missing/Loose - Excessive Play
(25101-000, Qty: 1)

Out of Adjustment 14.0% 10.0% out of Adjustment - Inaccurate (25101-000,Qty:1)
(25101-000,Oty:2), out Of Adjustment - Out Of Adjustment
(25101-000,Qty:l), Out Of Adjustment - Fire Extinguishers
C25101-000,oty:l), Out Of Adjustment - Excessive Play
(25101-000, Qty: 1)

Out of Synch. 11.6% 8.3% internal Failure - Out Of Synch (25101-000,Qty:4), out of
Synch (25101-000,Qty:l)

Seized 9.3t 6.7% Internal Failure - Seized (25l01-000,Qty:l)
(25101-000,Qty:2), out of Adjustment - Seized
(25101-000, Qty: 1)

Unknown ---- 15.0% Unknown (25101-0OU,Qty:2) (25l01-000,Qty:7)

Induced ---- 13.3% Internal Failure - Inaccurate (25101-000,Qty.l)
(25101-000,Qty:l), Lack Of Maintenance - Binding/Sticking
.25101-000,Qty:4), Wrong Part -Imp Assembly/Install
(25101-000,Qty:l), Item Abuse/Neglect - Binding/Sticking
(25l01-000, Qty: 1)
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3-52 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Datti
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Counter,Differential Sources 1
Out of Adjustment 93.3% 87.5% Out Of Adjustment - Inaccurate (25101-000,Qty:10), Out Of

Adjustment - Fnd In TI/PMCS/INSP (25101-000,oty:4)

Stripped 6.7% 6.3% Worn/Stripped - Inop/Unserviceable (25101-000,Qty:l)

Induced 6.3% Improper Adjustment - Inaccurate (25101-000,Qty:l)

Counter,Reset Sources:l

Out of Adjustment 33.3% 20.0% Out Of Adjustment - Abnormal Operation (25101-000,Qty:l)

Excessive Play 33.3% 20.0% No Failure - Excessive Play (25101-000,Qty:l)

Binding/Sticking 33.3% 20.0% Internal Failure - Binding/Sticking (25101-000,Qty:1)

Unknown 40.0% Unknown (25101-000,Qty:2)

Coupling Sources:3
Leaking 55.6% 33.3% Leak (24992-000,100.0%)

Worn 16.7% 10.0% Worn Out (20609-000,Qty:6)

Broken 11.1% 6.7% Broken (20609-000,Oty:4)

Arcing/Sparking 5.6% 3.3% Arcing (206O9-000,Oty:2)

Opened 5.6% 3.3% Opened (20609-000,Qty:2)

Burned/Charred 2.8% 1.7% Burned (20609-000,Qty:l)

Loose 2.8% 1.7% Loose (20609-000,Qty:l)

Unknowz 40.0% Unknown (19542-000,100.0%) (20609-000,Qty:4)

Coupling, Shaft Sources:1
Worn 38.7% 31.6% Worn - Fire Extinguishers (25101-000,Qty:l), Worn -

Inop/Unserviceable (25101-000,Qty:l) (25101-000,Qty:3), Worn
- Loose (25101-000,Qty:5), Worn - Found In TI/PMCS/Insp
(25101-000,Qtyl1) (25 01-000,Qty:l)

Out of Adjustment 32.3% 26.3% Out Of Adjustment - Binding/Sticking (25101-000,Qty:4), Out
Of Adjustment - Inop Man Elevation (25101-000,Qty:3), Out Of
Adjustment - Abnormal Operation (25101-000,Qty:l), out Of
Adjustment - Out Of Synch (25101-000,Qty:l), Out Of
Adjustment - Skips (25101-000,Qty:l)

Excessive Play 22.6% 18.4% Worn - Excessive Play (25101-000,Qty:6), Worn Shaft/Keyway
- Excessive Play (25101-000,Qty:l)

Binding/Sticking 6.5% 5.3% Binding/Sticking (25101-000,Qty:2)

Induced 13.2% Caused By Other Failure-Loose (25101-000,Qty:l), Improper
Maintenance - Binding/Sticking (25101-000,Oty:l), Improper
Maintenance - Inop Man Elevation (25101-000,Qty:2), Lack Of
Lubrication - Binding/Sticking (25101-000,Qty:l)

Unknown 5.3% Unknown (25101-000,Qty:l) (25101-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-53
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Cover Assembly Sources:l
Broken 100.0% 70.0% Broken/Damaged (25101-000,Oty:l) (25101-000,Oty:6)

Induced ------- 30.0% Lack Of Maintenance - Internal Moisture (25101-000,Qty:3)

Cover,Access Sources:l
Broken 100.0% 20.8% Broken/Damaged (25101-000,Qty:3) (25101-000,Qty:6), Part

Struck/Damaged - Broken/Damaged (25101-000,oty:l)
(25101-000,Qty:3), Part Struck/Damaged - Inop Man Elevation
(25101-000,Qty:l), Part Struck/Damaged - Inop/Unserviceable
(25101-000,oty:l)

Unknown 75.0% Unknown (25101-000,Qty:l) (25101-000,Qty:b.)

Induced 4.2% Improper Maintenance - Broken/Damaegd (25101-000,Qty:l).
Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:2)

Cover,Aiming Post Sourceb:1
Worn 100.0% 50.0% Deteriorated/Aged - Worn Out (25101-000,Qty:l)

Unknown 50.0% Unknown (25101-000,Qty:l)

Cover,Bore Brush Sources:1

Worn 75.0% 42.9% Worn Out (25101-000,Qty:3)

Aged/Deteriorated 25.0% 14.3% Deteriorated/Aged - Inop/Unserviceable (25101-000,oty:l)

Unknown 42.9% Unknown (25101-000,Qty:3)

Cover,Breech Sources:l
Worn 100.0% 80.0% Worn Out (25101-000,Qty:3), Worn - Deteriorated

(25101-000,Qty:5)

Unknown 20.0% Unknown (25101-000,Qty:2)

Cover,Hinged Sources:1
Broken 100.0% 50.0% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:2)

Induced ------- 50.0% item Abuse/Neglect - Broken/Damaged (25101-000,Qty:2), Item
Abuse/Neglect - Collapsed/Bent (25101-000,Qty:l)

Cover,Overall Sources:1
Aged/Deteriorated 100.0% 65.2% Deteriorated/Aged - Inop/Unserviceable (25101-000,Qty:15)

Unknown 34.8% Unknown (25101-000,Qty:2) (25101-000,Qty:6)
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3-54 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Cover,Protective Sources:l
Broken 92.2% 78.3% Broken/Damaged (25101-000,Qty:9) (25101-000,Qty:25),

Oversize - Broken/Damaged (25101-000,Qty:l), Poor Design -

Broken/Damaged (251.01-000,Qty:ll), Broken/Separated-Missing
(25101-000, Qty:l1)

hged/Deteriorated 7.8% 6.7% Deteriorated/Aged - Broken/Damaged (25101-000,Qty:4)

Unknown 8.3% Unknown (25101-000,Qty.l) (25101-000,Qty:4)

Induced ------- 6.7% Missing (25101-000,Qty:3), Fell Off Or Lost - Missing
(25101-000, Qty:l)

Cover, Shaft Sources:l
Out of Adjustment 75.0% 42.9% Out Of Adjustment - Abnormal Operation (25101-000,Qty:l),

Out Of Adjustment - Binding/Sticking (25101-000,Qty:2)

Excessive Vibration 25.0% 14.3% Vibration - Handwheel Spin (25101-000,Qty:l)

induced 42.9% Improper Install - Broken/Damaged (25101-000,Qty:l), Item
Abuse/Neglect - Cracked (25101-000,Qty:l), Overtorqued -
Inop Man Elevation (25101-000,Qty:l)

Cover,Telescope Sources:l
Worn 100.0% 17.2% Worn - Inop/Unserviceable (25101-000,Qty:4), Worn - Worn

Out (25101-000,Qty:l)

Induced ------- 48.3% Fell Off Or Lost - Missing (25101-000,Qty:8), Missing
(25101-000,Qty:2) (25101-000,Qty:3), Stolen - Missing
(25101-000, Qty:l)

Unknown 34.5% Unknown (25101-000,Qty:10)

Cover,Telescope,Mount Sources:1
Cracked/Fractured 100.0% 22.2% Cracked (25101-000,Qty:l) (25101-000,Qty:l)

Induced 77.8% Fell Off Or Lost - Missing (25101-000,Oty:3), Missing
(25101-000,Qty:l) (25101-000,Qty:3)

Cradle Assembly,Gun Sources:l
Cracked/Fractured 97.8% 88.0% Vibration - Cracked (25101-000,Qty:l) (25101-000,Qty:36),

Cracked Weld-Cracked (25101-000,Qty:4), Internal Failure -

Cracked (25101-000.Qty:l), No Failure - Cracked
(25101-000,Qty:1), Cracked (25101-000,Qty:l)

Broken 2.2% 2.0% Broken Damaged (25101-000,Qty:l)

Induced------- 10.0% Caused By Other Fail.ure-Collapsed/Bent (25101-000,oty:l),
Improper Maintenance - Collapsed/Bent (25101-000,Qty:l),
Improper Maintenance - Brokun/Damaged (25101-000,Qty:2),
Item Abuse/Neglect - Broken/DAmaged (25101-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-55
Patt Failure Norm Fail Data
Dosc. Mode/l.ach Dist. D)ist. Source(s)/Details

Crank Assembly Sources: I
Broken 75.0% 66.7% Broken/Damaged (25101-000,Qty:6)

Worn 25.0% 22.2% Worn- Inop/Unserviceable (25101-000,Oty:2)

Induced 11.1% Wrong Part - Broken/Damaged (25101-000,Oty:l)

Crank, Shaft Sources :1
Broken 1.00.0% 40.0% Bracket Broken (19542-000,40.0%)

Unknown ------ 60.0% Unknown (19542-000,60.0%)

Crystal (Sum¶iary)
Opened 30.5%
No Operation 26.9%
Broken 21.5%
Drift 6.7%
Incorrect Current 5.4%
Cracked/Fractured 4.5%
Noisy 4.5%

r,-ystal Sources :3
No Operation 50.0% 50.0% Not Operable-Wafer Fractured (i0722-000,oty:])

Opened 16.7% 16.7% Open (24992-000,33.3%) (25016-000,NR)

Drift 12.5% 12.5% Drift (24992-000,25.0%)

Noisy 9.4% 8.4% Jitter (25016-000,NR), Noisy (24992-000,16.7%)

Cracked/Fractured 8.4% 8.4% Crack (24992-000,16.7%)

Unstable Operation 4.2% 4.2% Unstable (24992-000,8.3%)

Other 0.0%
Spurious/False Operation NR Spurious Response (25016-000,NR)

Shorted NR Short (25016-000,NR)

Crystal,Oscillator Sources:1
No Operation 100.0% 100.0% Not Functional (10722-000,Qty:l)

Crystal,P iozoelectric Sources:1
Broken 80.0% 80.0% Broken (25464-000,Qty:4)

Incorrect Current 20.0% 20.0% Current Incorrect (25464-000,Qty(l)
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3-56 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Msch Dias. Dist. Sourcm(s)/Details

Crystalguartz Sources:4
Opened 86.9% 80.0% Opens (24993-000,80.0%)

No Oscillation 11.1% 10.0% No Oscillations (24993-UOO,10.0%), FailArQ to Oscillate
(24997-000,NR)

Unknown ------ 10.0% Unknown (24993-000,10.0%)

Other ------- 0.0%
Connection Failure NR Poor Electrical Connections (22540-000,NR)

Mechanical Overstress NR Excessive Internal Mechanical Stresses (24417-000,NR),
Excessive Internal Mechanical Stress (22540-000,NR)

Contaminated NR Increased Internal Resist-Excessive Contamination
(24417-000,NR), Excessive Contamination (22540-000,NR)

Seal/Gasket Failure NR Poor Seal (22540-000,NR)

Drift NR Frequency Drift-Poor Seal (24417-000,NR), Frequency shifts
(24997-000,NR), Frequency Drift (22540-000,NR)

Bent/Dented/Warped NR Bent or Damaged Pins (24997-000,NR)

Intermittent Operation NR Intermittent Operation-Poor Electrical Connection
(24417-000,NR), Intermittent (24997-000,NR)

Cylinder Sources:2
Leaking 50.0% 45.0% Leak (24992-000,50.0%), Internal Failure - Leaking

Hydraulic Oil (25101-000,oty:l) (25101-000,Qty:l)

Cracked/Fractured 27.8% 25.0% Mechanical, Fracture, Etc. (24992-000,50.0%)

Loose 11.1% 10.0% No Failure - Loose (25101-000,Qty:i)

Contaminated 11.1% 10.0% Contaminated Fluid - Slams Into Battery (25101-000,Qty:l)

Unknown 10.0% Unknown (25101-000,Qty:l)

Delay Line Sources:2
Degraded Operation 52.0% 52.0% DC Level Or Distorted Square Wave Output (10722-000,Qty:13)

Solder Joint Failure 20.0% 20.0% Failure Of The 90 NS Tap-Cracked Solder Joint
(10722-000,Qty:l), Solder Joints Fractured
(10722-000,Qty:l), 4 Of 40 Capacitor Solder Joints Fractured
(10722-000,Qty:l), 15 NS Shift in Signal At Tap 30-Cracked
Cap. Solde (10722-000,Qty:2)

Wire Failure 20.0% 20.0% Open Magnet Wires (10722-000,Qty:l), Open In Internal
Wire-Mechanical Overstress (10722-000,Qty:i), Erratic
Operation-Fracturod Wires (10722-000,Qty:2), Magnet Wire
Fractured At Pin 1 (10722-000,Qty:l)

Opened 4.0% 4.0% Electrical Open-Tensile Failure (10722-000,Qty:l)

Output Stuck High 4.0% 4.0% High On All Output Taps (10722-000,Qty:l)

Other 0.0%
Transducer Separation NR Seperation of the Transducer from the Blank (24417-002,NR)
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FMD-91 Failure Distribution Summaries 3-57
Part Failure Norm Fail Data
Dose. Mode/Mach Dist. Dist. Source(s)/Detaila

Detector, Microwave Sources i1
Diode Failure 100.0% 100.0% Diode Failir, No Output (25015-000, 10.0%), Diode Failure,

Power Loss (25015-000,90.0%)

Detector, Smoke,Alarm Sources:1

Erroneous Alarm 70.0% 70.0% Erroneous Alarm (24996-000,70.0%)

Loss of Power 15.0% 15.0% Battery or Power Failure (24996-000,15.0%)

No Operation 15.0% 15.0% Failure to Operate (24996-000,15.0%)

Differential Assy Sources :1
Out of Adjustment 100.0% 100.0% Gear Binding - Out Of Adjustment (25101-000,Qty:l)

Diode (Summary)
Shorted 40.1%
Opened 29.7%
Drift 12.2%
Mechanical Failure 5.4%
Intermittent Operation 4.6%
Burned/Charred 4,0%
Lead Damage 4.0%

Diode Sources:11
Shorted 41.4% 38.7% Short-Physical junction damage (25001-000,Qty:l), Short

(10722-000,Qty:l) (24990-000, 15.0%) (24992-000, 12.5%)
(24992-000,30.0%) (24993-000,75.0%) (24997-000,16.0%)
(25014-000,Qty:10), Increase in Reverse Leakage (at any
temperature) (25016-000,NR), High Reverse (24990-000,60.0%),
Low Z (24991-000,7.0%) (24991-000,20.0%) (24991-000,54.0%),
High Leakage Current (10722-000,Qty:1), Short-Improper Die
Stack Bonding (24417-000,NR), Shorted Wire (24417-000,NR),
Intermittent Short-Intern Mobile Conduct Particle
(10722-000,Qty'1), Short Circuited (10722-000,Qty:l),
Short-Externally Overatreased (10722-000,Qty:11), Low
Reverse Breakdown (10722-000,Qtytl),
Short-Recrystallization/Thermal Runaway (10722-000,Qty:l),
High Electrical Leakage (10722-000,Qty:1)

Opened 28.6% 26.8% Open (24990-000,25.0%) (24992-000,62.5%) (24992-000,70.0%)
(25014-000,Qty:12) (25027-000,Qty.l) (25027-000,oty:.), Wire
Bond (25014-000,Qty:2), Lifted Wire (25014-000,Qty:1),
Increase in Forward Voltage Drop (25016-000,NR), High Z
(24991-000,46.0%) (24991-000,93.0%), Open Circuits
(24993-000,6.0%), Open Wire (24417-000,NR), Open Winding
Between Pins 10 And 11 (10722-000,Qty:l), Coil Pin 16-20
Open (10722-000,Qty:l), Open Circuit (24997-000,45.0%)

Mechanical Failure 8.3% 7.3% Broken Wire (25014-000,Qty:l), Cracked Die (24417-000,NR)
(25014-000,Qty:4), Cracked Glass Case (25014-000,Qty:10),
Package (25014-000,Qty:l), Dislocations (24417-0.0,0,R),
Fracture-Overtorquing (10722-000,Qty:9), Broken
(25027-000,Qty:l) (25027-000,Qty:l), Glass Body
Fractured-Mechanical Overatress (10722-000,Qty:l),
Mechanical or Quality Defects (24997-000,12.0%)

Lead Damage 6.8% 6.4% Lead Fractures-Faulty Welds & Leads In Weld Area
(10722-000,Qty:45), Lead Fractured-Mechanical Overstress
(10722-000,Qty:2)
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3-58 Failure Distri-ution Surmarais FMn-91
Part Failure Norm Fail Data
Deso. Mode/Mech Diet. Dist. $ource(s)/Detaila

Diode (cont inued)
Burned/Charred 5. 1A 4.4% lkl:rnel, (2502/-000,oty:l) (25027-000,Qty:ll

(25027-000, Qty: 1)

Drift 5.0% 4.7% Degraded (25014-000,Qty:8), Drift (21992-000,12.5%), Out. 0
Spec-Conductive Material Bridging Case (10722-000,0ty:1),

Parameter Change (24997-000,25.0%)

Intermittint Operation 4.8% 4.5% Intermittent (24417-000,NR) (25014-000,Qty:21),
Intermittent Circuits (24993-000, 18.0%)

Unknown ------ 5.4% Unknown (24991-000,80.0%) (24993-000,1.0%)
(25014-000,Qty:'/) (25014-000,Qty:13)

Other (<%2) ...... 1.0%
Die/Attachment Failure 0.4% Die Lifted (24417-000,NR), High Forward Voltage-Faulty Die

Attachment (10722-000,oty:3)

Contaminated 0.2% Contamination (24417-000,NR) (25014-000,Qty:2)

Whisker Alignment 0.2% Whisker Alignment (25014-000,Qty:2)

Diode Failure 0.1% Open Diode-Manufacturing Defect (10722-000,Qty~l)

Metal Precipition NR Metal Precipitation (24417-000,NR)

External Lead Separation NR External Lead Separation (24417-000,14R?

Poor Solderability NR Poor Solderability (24417-000,NR)

Seal Failure MR Loss of Hermetic Seal t24417-000,NR)

Oxide Defects NR Ion Migration Through and Across the Oxide (24417-000,NR),
Hole Trapping in the Oxide (24417-000,NR), Holes in the
Oxide (24417-000,NR)

Decrease in Inverse Volt. NR Decrease in Working Inversea Voltage (25016-000,NR)

Diode,Diode Array Sources:l
Shorted 100.0% 100.0% Short-Al Particle (10722-000,Qty:i), Short-Extra Loose Die

In Cavity (10722-000,QLy:1), Shorted-Al Silver Shorting Dice
(10722-000, Qty: 1)

Diodei,Microwave (Summary)
opened 50.2%
Drift 23.3%
Intermittent Operation 16.7%
Shorted 9.8%

Diode, Microwave Sources :3
Drift 70.0% 70.0% Drift (24994-000,70.0%), Parameter Change (24997-000,NR)

Opened 20.0% 20.0% Open (24417-000,NRi (24994-000,20.0%), Open Circuit
(24997-000, NR)

Shorted 10.0% 10.0% Short (24417-000,NR) (24994-000,10.0%) (24997-000,NR)

------ ' <0.1% Unknown (24997-000,NR)

Induced <0.1% 3db Degradation (24417-000,NR)
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FMD-91 Failure Distribution Summaries 3-59
Part Failure Norm Fail Date
Deac. ):ode/14.ch Dist. Dist. 3ource(s)/Details

7iude*,Microwtve, Irp attt Solr':es: 1
Induced ---- <0.1% Degradation.-Migration (25031-000,NR)

Ot hotr ---- 100.0%
Shorted NR Sho~rt (25037-000,NR)

Diode,Mierowave,Point Contact Sources :1
Opened 80.5% 80.5% High Z (24991-000,63.0%) (24991-000,98.0%)

Shorted 19.5% 19.5% Low Z (24991-000,2.0%) (24991-000,37.0%)

Diode, Microwave, Step Recovery Sources :1
Intermittent Operation 50.0% 50.0% Intermittent Fail-One Of Two Gold Bonds Was 3roken

(10722-000, Qty: 1)

Oponed 50.0% ý0.O% Electrically Open-Bond Not Attached To Die
(10722-000,Qty:l)

Diode,Rectifier (Summary)
Shorted 46.1%
opened 26.6%
Drift 18.5%
Diode Failure 4.9%
Electrical Overstress 2.5%
Corroded 1.4%

Diode,Rectifier Sources :4
Shorted 54.9% 50.0% Short (24994-000, 20.0%) (25000-000, Oty: 1) (25000-000, Oty- 1)

(25000-000, Qty:l) (25000-000, Qty: 1) (25000-000, Qty: 1)
(25000-000, Qty :2) (25000-000,Ot~y: 3) (25000-000, oty: 3)
(25000-000, Oty :4) (25000-000, Oty: 6) (25000-000, Oty: 7)
(25000-000,Qty:9), 1K ohm short (reverse) (25001-000,Qty:l),
Hard Short (1 ohm) (25001-000,Qty:l), Short-Overstress
(10722-000, Oty: 2)

Drift 31.9% 29.1% Parameter Drift-General (25000-000,Qty:9)
(25000-000,Qty:13) (25000-000,Oty:14), Parameter
Drift-Insulation Res. (25000-000,Qty:6) (25000-000,Qty: 6)
(25000-000,Qty:6), Parameter Drift-Delta. Ir
(23000-000,Qty: 1) (25000-000, Qty: 1) (25000-000, oty: 1)
(25000-000, Qty: 1) (25000-000, Qty: 1) (25000-000, Qty: 2)
(25000-000,Qty:4) (25000-000,Qty:4) (25000-000,Qty-5)
(25000-000, QtytS) (25000-000, Oty: 7) (25000-000, oty: 7)
(25000-000, Qty:7) (25000-000, Oty: 9) (25000-000, Qty: 8)
(25000-000,Qty:l0) (25000-000,Qty:ll) (25000-000,Qty:ll)
(25000-000,Qty:27) (25000-000, Qty :29) (25000-000, Qty :28)
(25000-000,Qty:57), Parameter Drift-Delta R
(25000-000,Qty:l) (25000-O00,oty:l) (25000-000,Qty:l)
(25000-000,Qty :1) (25000-000, Qty: 1) (25000-000, Qty: 1)
(25000-000,Qty:2) (25000-000,Qty:2) (25000-OOO,'aty:3)
(25000-000,Qty:6), Drift (24994-000,40.0%)

Opened 9.5% 8.7% Open (24994-000,20.0%) (25000-000,Qty:l) (25000-000,Oty:l)
(25000-O0O,Qty:2) (25000-000,Qty:2), Open-General
(25000-000,gtysl) (25000-000,Qty:l) (25000-000,Qty:l0)
(25000-OOO,Qty:25), Open-Opera Junction (25000-000, Oty: 2)

Corroded 2.3% 2.1% Corrosion (25000-OOO,Qty:4) (25000-0OO,Qty:lO)
(25000-000, Qty:24)
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3-60 Failure Distribution Summaries FMD-91
Par. Failure Norm Fail Data
Dome. Mode/Much Dist. Dist. Source(.,)/Details

Diode,Rectifier (continued)
Inlermittent Opert.*o,' 0.6% 0.5% Irtezmittent (25000-000,Qty:l) (25000-000,Oty:3),

Intermittent-Noise (25000-000,oty:6)

Seal Failure 0.4% 0.4% Leakage Seal (25000-000,oty:l) (25000-000,Qty:3), Seal Leak
(25000-000, Qty: 3)

Mechanical Damage 0.4% 0.3% Mechanical Damage (25000-000,Qty:i) (25000.-000,Qty:2)

(25000-000, oty: 3)

Induced 8.3% Severely Degraded (10722-000,Qty:l)

Unknown 0.5% Unknown (25000-000,Qty:3) (25000-00U,Qty:6)

Diode,Rectifier, Bridge Sources: 1
Shorted 100.0% 100.0% Short-2 Diodes Overstressed (10722-000,Oty:l)

Diode,Rectifier,Bridge, Three Phase Sources :1
Diode Failure 100.0% 100.0% Diode Shorted-Poor Die Attach/Wrong Diode

(10722-000,Oty:l), Shorted Internal Diode-Overstress
(10722-000, oty: 1)

Diode,Rectifier,High Power Sources:4
Opened 59.1% 59.1% Open-Melted wire bond & die metal. (25001-000,Oty:1), Open

Circuit (24996-000,42.5%) (24997-000,42.5%)

Shorted 34.8% 34.8% Impaired Reverse Blocking Ability (24417-000,NR), Short
(24996-000,57.5%) (24997-000,57.5%)

Drift 6.1% 6.1% Parameter Change (24996-000,10.0%) (24997-000,10.0%)

Diode, Rectifier, High Voltage Sources :2
Electrical Overstress 100.0% 100.0% Out Of Tolerance High-Overatress (10722-000,Qty:l)

Other 0.0%
Thermal Fatique/Stress NR Thermal Fatigue (24417-000,NR)

Diode, Rectifier, Low Power Sources :1
Shorted 60.0% 60.0% Short (24994-000,60.0%)

Opened 40.0% 40.0% Open (24994-000,40.0%)

Other 0.0%
Drift NR Drift (24994-000,NR)
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FMD-91 Failure Distribution Summaries 3-61
Part Failure Norm Fail Data
Deac. Mode/Much Dist. Dist. Source(s)/Details

Diode, 8CR Somrces :1
Shorted 98.0% 98.0% Short (24990-000,98.0%)

opened 2.0% 2.0% Open (24990-000,2.0t)

Diode,Small Signal (Summary)
Drift 48.3%
Opened 19.9%
Shorted 15.5%
Intermittent Operation 8.8%
Change in Resistance 3.2%
Cracked/Fractured 3.2%
Seal Failure 11

Diode,Small Signal Sources :2
Drift 72.7% 40.0% Drift (24994-000,80.0%)

Cracked/Fractured 9.1% 5.0% Crack In Die Causing Degradation (10722-000,oty:l)

Shorted 9.1% 5.0% Short (24994-000,10.0%)

opened 9.1%t 5.0%k open (24994-000,10.0%)

Induced ---- 45.0% Degraded Junctions-Overvoltage EOS (10722-OO0,Qty:9)

Diode,small Signa.i.,General Purpose Sources:l
Drift 31.2% 28.0% Parameter Drift- General (25000-OO0,gtyzl)

(25000-000,Qty:l) C25000-000,Qty: 1) (25000-000, Qty:2)
(25000-000,Qty:2) (25000-000,Qty:4) (25000-O00,Qty-:42)
(25000-000,Qty:50), Parameter Drift- Delta C
(25000-000,Qty:6), Perameter Drift- Delta Ir
(25000-000, Qty:l) (25000-000, Oty: 1) (25000-000, oty: 2)
(25000-000,Qty:2) (25000-000,Qty:3) (25000-000, Qty: 4)
(25000-000,oty:7) (25000-.000,Qty:l0) (25000-O00,Oty:31),
Parameter Drift- Delta R (25000-000,Qty:l) (25000-000,Qty:2)
(25000-000,Qty:3) (25000-000,Qty-ll) (25000-000,Qty:17)

Opened 30.3% 27.2%6 open (25000-000,gty.l) C25000-000,Gty:2) (25000-000,oty:3)
(25000-000,Qty:3) (25000-000,Qty:4) (25000-000,Qty:28)
(25000-000,oty:57) (25000-000,Qty:100)

Shorted 19.6% 17.6% Short (25000-000, Qty: 1) (25000-000, Oty: 1) (25000-000, Oty :2)
(25000-000,Qty:2) (25000-000,Oty:3) (25000-OOO,oty: 119)

Intermittent Operation 13.9% 12.5% Intermittent-General (25000-000,Qty:l) (25000-000,Qty:l)
(25000-000,Qty:l) C25000-000,Qty:43), Intermittent-Noise
(25000-000, oty: 45)

Seal Failure 2.8% 2.5% Seal Leak (25000-000,Qty.1) (25000-000,Qty:2)
(25000-O0,Qty:15)

Mechanical Damage 2.3% 2.14 Mechanical Damage (25000-OOO,Qty:l) (25000-000,Qty:l)
(25000-O00,Qtyz4) (25000-000,Qty:9)

Unknown ---- 10.34 Unknown (25000-000,gty:33) (25000-000,Qty:42)
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3-62 Failure Distribution Sumnmaries FMD-91
Part Failure Nonn Fail Data
Deso. Mode/Mach Dist. Dist. Source(s)/Details

Diode, Small Signal,Switching Sources:3
Drift 40.0% 40.0% Drift (24994-000,80.0%)

Opened 17.5% 17.5% Open (10722-000,Qty:l) (24994-000,10.0%)

Shorted 17.5% 17.5% Short (24994-000,10.0t), Short-Sliver/Copper Bridging Die
Edge To Anode Stu (10722-000,Qty:l)

Intermittent Operation 12.5% 12.5% Intermittent Anode Contact (10722-000,Qty:l)

Change in Resistance 12.5% 12.5% High Resistance-Wrong Die (10722-000,oty:l)

Other ------ 0.0%
Mechanical Overstress NR Mechanical Stresses (24417-000,NR)

Thermal Fatique/Stress NR Thermal Stress (24417-000,NR)

Diode, Thyristor (Summary)
Failed Off 45.00
Shorted 40.0%
Opened 10.0%
Failed On 5.0%

Diode, Thyristor Sources:2

Failed Off 45.0% 45.0% Failed Off (24991-000,90.0%)

Shorted 40.0% 40.0% Short (24994-000,80.0%)

Opened 10.0% 10.0% Open (24994-000,20.0%)

Failed On 5.0% 5.0% Failed On (24991-000,10.0%)

Other 0.0%
Drift NR Drift (24994-000,NR)

Diode,Thyristor,PUT Sources:l
Failed Off 90.0% 90.0% Failed Off (24991-000,90.0%)

Failed On 10.0% 10.0% Failed On (24991-000,10.0%)

Diode,Thyristor, Triac Sources:1
Failed Off 90.0% 90.0% Failed Off (24991-000,90.0%)

Failed On 10.0% 10.0% Failed On (24991-000,10.0%)

Diode,Transorb Sources:1
Shorted 100.0% 100.0% Short-Overstress (10722-000,Qty:1), Short (10722-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-63
Part Failure Norm Fal• Data
Deos. Mode/Mch Dist. Dist. Source(&)/Details

Diode,Zener (Summary)
Opened 35.2%
Shorted 33.5%
Drift 24.2%
High Leakage current 4.4%
Unstable Operation 1.8%
Intermittent Operation 0.7%
Mechanical Damage 0.2%

Diode, Zener Sources :4
Shortea 52.2% 47.0% Short (24990-000,50.0%) (24992-000,40.0%)

(24997-000,15.7%), Low Z (24991-000,83.0%)

Opened 38.1% 34.3% Open (24990-000,50.0%) (24992-000,60.0%), High Z
(24991-000,17.0%), Open Circuits (24997-000,10.5%)

High Leakage Current 6.9% 6.2% Excessive Leakage Current (24997-000,26.0%)

Unstable Operation 2.8% 2.5% Instability (24997-000,10.5%)

Unknown 6.3% Unknown (24997-000,26.3%)

Induced 3.7% Quality Defects (24997-000,15.7%)

Diode, Zener, Voltage Reference Sources :3
Drift 67.7% 67.7% Parameter Drift-General (25000-000,Qty:l)

(25000-000,Qty:16) (25000-000,Qty:25), Parameter Drift-Delta
Ir (25000-000,Qty:1) (25000-000,Oty:1) (25000-000,Qty:1),
Parameter Drift-Delta Vz (25000-000,Qty:ll (25000-000,Oty:1)
(25000-000,Oty:1) (25000-000,Qty:l) (25000-000,Qty:2)
(25000-000,Qty:2) (25000-000,Qty:5) (25000-000,Qty: 8)
(25000-000, Qty: 9) (25000-000, oty: 12), Parameter Drift-Delta
R (25000-000,oty:1) (25000-000,Qty:l) (25000-000,Qty:l)
(25000-000,oty:l) (25000-000,Oty:3) (25000-000,Qty:4)
(25000-000,Qty:5), Parameter Drift-Insulation Resistance
(25000-000,Qty:l) (25000-000,Qty:l) (25000-000,Qty:l), Drift
(24994-000, 70.0%)

Opened 16.8% 16.9% Open-General (25000-000,Qty:l) (25000-000,Qty:l)
(25000-OUO,Qty:l) (25000-000,Qty:3) (25000-000,Cty:12),
Open-Open Junction (25000-000,Qty:4), Open (24417-000,NR)
(24994-000, 20.0%)

Shorted 13.0% 13.0% Short (24417-000,NR) (24994-000,10.0%) (25000-000,Qty:l)
(25000-000,Oty:2) (25000-000,Qty:2) (25000-000,Qty:6)
(25000-000,Qty:14), Short-Shorted Junction (25000-000,Qty:l)

Intermittent Operation 1.9% 1.9% Intermittent (25000-000,Qty:l) (25000-000,Qty:5)

Mechanical Damage 0.6% 0.6% Mechanical Damage (25000-000,oty'2)

Other 0.0%
Thermal Fatique/Stress NR Thermal Stress (24417-000,NR)

Mechanical Overstress NR Mechanical Stress (24417-000,NR)

Reliability Analysis Center (RAC) 0 201 N11 St., Rome, NY 13440 @ 315-337-0900



3-64 Failure Distribution Summaries PMD-91
Part Failure Norm Fall Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Diode,Zener,Voltage Regulator Sources:3
Cpened 45.0% 45.0% High Z (24991-000,70.0%), Open (24994-000,20.0%)

Drift 35.0t 35.0% Drift (24994-000,70.0%)

Shorted 20.0% 20.0% Low Z (24991-000,30.0%), Short (24994-000,10.0%)

Other ------ 0.0%
High Leakage Current NR Reverse Current Failures (24417-000,NR), Zoner Impedance

Failures (24417-000,NR)

Disk, Burst Sources :1
Cracked/Fractured 87.5% 87.5% Fracturo (24992-000,87.5%)

Closed 12.5% 12.5% Closed (24992-000,12.5%)

Drum Sources :1
Binding/Sticking 70.0% 30.5% Drum Sticks (19542-000,30.4%)

Out of Adjustment 30.0% 13.1% Drum Out Of Alignment (19542-000,8.7%), Not Properly
Aligned (19542-000,4.3%)

Unknown ------- 26.2% Unknown (15542-000,26.1%)

Induced ------- 4.3% Damaged Due to Overspeed & Many Impacts (19542-000,4.3%)

Other (<%8) ------- 25.9%

Opened 4.3% Has Open Tach Winding (19542-000,4.3%)

Servo Amp Failure 4.3% Servo Amp Found To Be Defective (19542-000,4.3%)

Bearing Failure 4.3% Drum Elas Excessive Weight Bearing Damage (19542-000,4.3%)

Connector Failure 4.3% Connector P-4 Defective (19542-000,4.3%)

Broken 4.3% Bracket Broken (19542-000,4.3%)

Bad Rotation 4.3% Bad Rotation After Drop Test (19542-000,4.3%)

Duct Sources:1
Needs Replacement 57.1% 40.0% Used Up Needs Replacement (19542-000,40.0%)

Cracked/Fractured 42.9% 30.0% Cracked (19542-000,30.0%)

Unknown 20.04 Unknown (19542-000,20.0%)

Induced 10.0% Improperly Installed (19542-000,1O.0%)
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FMD-91 Failure Distribution Summaries 3-65
Part Failure Norm Fail Data
Denc. Mode/Mach Dist. Dist. Source(s)/Detaila

Duct,Heater,Air Sou=e s:1
No Operation 80.0% 80.0% Catastrophic-Failed to Heat (18175-000,80.0t)

Overheated 20.0' 20.0% Catastrophic-Overheated (18175-000,20.0%)

Duct, Tray, Wireway Sources :2
Induced <0.14 Flashover (24996-000,NR) (24997-000,NR)

Other 100.0%
Insulation Failure NR insulation Failure (24996-000, NR) (24997-000,NR)

Mechanical Failure NR Mechanical Failure (24996-000,NR) (24997-000,NR)

Dynamotor Sources:1

Drift 62.5% 62.5' Drift (24992-000,62.5%)

Opened 25.0'. 25.0% Open (24992-000,25.0%)

Shorted 12.5% 12.5% Short (24992-000,12.5')

Eccentric Sources:1
Out of Synch. 75.0% 75.0% Out Of Synch (25101-000,Qty:l) (25101-000,Qty:l)

(25101-000,Qty:7)

Out of Adjustment 16.7% 16.7' Out Of Adjustment - Inaccurate (25101-000,Qty:l), Out Of
Adjustment - Out Of Synch (25101-000,oty:l)

Loose 8.3% 8.3% Loose Nut(s) - Fnd In TI/PMCS/INSP (25101-000,Qty:l)

Elect Power Dist. Sources:1

Worn 51.1' 51.1'. Worn, Chaffed, Frayed, or Torn (25464-000,Qty:24)

Broken 46.8' 46.8' Broken (25464-000,Qty:22)

Contact Failure 2.1' 2.1% Contact/Conn Defect (25464-000,oty:l)

Elect Rectifying Equ Sources:l

Broken 73.90 73.9% Broken (25464-000,Qty:17)

Binding/Sticking 4.3% 4.3% Binding Stuck or Jamnmd (25464-000,Qty:l)

Contact Failure 4.3% 4.3% Contact/Conn Defect (25464-000,Qty:l)

Incorrect Current 4.3% 4.3' Current Incorrect (25464-000,oty:l)

Loose 4.3% 4.3% LooseDamaged,or Missing Har (25464-000,Qty:l)

Leaking 4.3% 4.3% Leaking Internal or External (25464-000,Qty:l)

Drift 4.3% 4.3' Fluctuates, Unstable or Errata (25464-000,Qty:l)
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3-66 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Dese. Mode/Mach Dism. Dist. Source(s)/Details

Electrical Filter (Summary)
Drift 35.9%
Broken 25.1%
Shorted 23.1%
Diode Failure 7.2%
Opened 5.1%
Lamp Failure 3.6%

Electriual Filter,EMI Sources:2
Shorted 81.8% 81.8% Short-Excessive Solder (10722-000,Oty:2), Failure Of

Insulation Resistance (10722-000,Qty:l), Short-Severely
Overstressed (10722-000,Qty:2), 1.8 Ohm Short Lead To
Case-Electrical Overstress (10722-000,Qty:l), IR
Failure-Contamination Of Interior Glass Seal
(10 7 22-000,Qty:2), Short (10722-000,Qty:l) (24417-000,NR)

Capacitor Failure 9.1% 9.1% Capacitor-Mechanical Overstress (10722-000,Qty:l)

Change in Resistance 9.1% 9.1% Resistance Was Variable-Poor Solder Connection
(10722-000, Oty:l)

Other 0.0%
Opened NR Open-Poor Solder Joint (24417-000,NR)

Insertion Loss NR Low Insertion Loss-Open Capacitor (24417-000,NR), Low
Insertion Loss-Shorted Inductor (24417-000,NR), Low
Insertion Loss-Poor Solder Joint (24417-000,NR), Low
Insertion Loss (24417-000,NR), Low Insertion Loss-Lossy
Capacitor (24417-000,NR)

Electrical Filter,Feed-Thru Sources:l
Opened 66.7% 66.7% Opens-Insufficient Support Of Coil In Assemblies

(10722-000, Qty:2)

Change in Capac. 33.3% 33.3% Low Capacitance Value Lead To Case (10722-000,Qty:l)

Electrical Filter,Microwave Sources:1
Drift 80.0% 80.0% Center Frequency Drift (25015-OOC,80.0%)

Diode Failure 20.0% 20.0% Diode Failure, No Output (25015-000,20.0%)

Electrical Filter,Network Sources:l

Broken 70.0% 70.0% Broken (25464-000,Qty:7)

Drift 20.0% 20.0% Fluctuates, Unstable or Errati (25464-000,Qty:2)

Lamp Failure 10.0% 10.0% Burned Out Or Defective Lamp, (25464-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-67
Part Failure Norm Fail Data
Dome. Mode/Mach Dist. Dist. Source(s)/Details

Electrical Motor (Summary)
Rough Operation 22.4%
Winding Failure 21.3%
Binding/Sticking 21.1%
Bearing Failure 20.9*
Opened 14.3%

Electrical Motor Sources:5
Binding/Sticking 34.4% 18.9% Binding, Stuck or Jammed (25464-000,Qty:578)

Fails to Rur,After Start 19.7% 10.8% Catastrophic-Fails To Run Once Started (18175-000,31.0%)
(18175-000, 17.0%)

Opened 18.1% 9.9% Has Open Tach-Winding (19542--000,7.7%), Open
(24992-000,42.0%)

Brush Failure 10.9% 6.0% Failed - Brush (24990-000,15.0%), Performance (Degraded) -

Brush (24990-000,15.0%)

Drift 9.9% 5.4% Drift (24992-000,27.0%), Fluctuates, Unstable or Errati
(25464-000, (ty:l)

Arcing/Sparking 6.9% 3.8% Arc (24992-000,19.0%)

Unknown 19.1% Unknown (18175-000,16.0%) (18175-000,16.0%)
(19542-000,7.7%) (19542-000,7.7%) (19542-000,61.5%)
(25464-000,Qty:2) (25464-000,Qty:15)

Induced 8.4% Failed - Lube (24990-000,15.0%), Performance (Degraded) -
Commutator (24990-000,5.0%), Performance (Degraded) - Lube
(24990-000,15.0%), Degraded - Hunts For Correct Position
(18175-000,2.0%), Degraded - Fails To Position Correctly
(18175-000,2.0%), Degraded - Shaft Fails To Run At Rated
Speed (18175-000,3.0%), Degraded - Shaft Fails To Turn At
Rated Speed (18175-000,7.0%)

Other (<%0) 17.6%

Switch Failure 3.1% Switch Defective (19542-000,15.4%)

Stator Failure 3.0% Failed - Stator (24990-000,15.0%)

Shorted 2.4% Short (24992-000,12.0%)

Fails to Op. on Demand 2.3% Catastrophic-Fails To Operate On Demand (18175-000,23.0%)

Fails to Position 2.3% Catastrophic-Fails To Position Properly (18175-000,23.0%)

Rotor Failure 2.0% Failed - Rotor (24990-000,10.0%)

Cummutator Failure 2.0% Failed - Commutator (24990-000,10.0%)

Worn 0.4% Worn, Chaffed, Frayed or Torn (25464-000,Qty:13)

Broken <0.1% Broken (25464-000,Qty:3)

Electrical Motor,AC (Summary)
Winding Failure 24.3%
Bearing Failure 21.3%
Fails to Run,After Start 18.1%
Mechanical Failure 16.6%
Fails to Start 13.7%
Electrical Failure 6.0%
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3-68 Failure Distribution Summaries FMD-91
PArt Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Electrical Motor,AC Sources:4
Winding Failure 24.3% 18.4% Under 200 H.P. (Winding Fail) (24996-000,35.0%), Over 200

H.P. (Windings and Ties) (24996-003,44.0%), Open
Windings-Defective Wire (24417-001,NR), Winding Failure
(24997-000,35.0%)

Bearing Failure 21.3% 16.1% Under 200 H.P. (Bearings) (24996-000,50.0%), Brinelled or
Damaged Bearings-Shock Loads (24417-001,NR), Bearing
Failure-Misapplication (24417-001,NR), Bearing Failure
(24997-000,50.0%)

Fails to Run,After Start 18.1% 13.7% Catastrophic-Fails To Run Once Started (18175-000,41.0%)

Mechanical Failure 16.6% 12.60 Over 200 H.P. (All Mechanical) (24996-000,27.0%), Other and
Mechanical (24997-000,15.0t), Mechanical Failure
(24997-000,36.0%)

Fails to Start 13.7% 10.3% Catastrophic-Fails To Start (18175-000,31.0%)

Electrical Failure 6.0% 4.5% Electrical Failure (24997-000,28.0%)

Unknown 17.5% Unknown (18175-000,21.0%) (24996-000,14.0%)
(24996-000,15.0t) (24997-000,36.0%)

Other (<%4) 7.0%
Lead Damage 2.4% Over.200 H.P. (Leads) (24996-000,15.0%)

Degraded Operation 2.3% Degraded (19175-000,7.0t)

Brush Failure 2.3% Under 200 H.P. (Brushes) (24996-000,7.0%), Brushes (if any)
(24997-000,7.0%)

Overheated NR Overheating-Overloading (24417-001,NrP), Overheating
(24417-001,NR), Overheating of Windings-Op. at Too Low of a
Voltag (24417-001,NR)

Shorted NR Shorted Windings-Defective Wire (24417-001,NR)

Electrical Motor, Induction,AC Sources:l

Fails to Run,After Start 52.4% 44.0% Catastrophic-Fails To Run Once Started (18175-000,44.0%)

Fails to Start 40.5% 34.0% Catastrophic-Fails To Start (18175-000,34.0%)

Degraded Operation 7.1% 6.0% Degraded 118175-000,6.0%)

Unknown 16.0% Unknown (18175-000,16.04)

Electrical Motor, Induction, AC, Single Phase Sources :1

Fails to Run,After Start 84.3% 43.0% Catastrophic-Fails To Run Once Started (18175-ý00,43.08)

Fails to Start 15.7% 8.0% Catastrophic-Fails To Start (18175-000,8.00)

Unknown 49.0% Unknown (18175-000,49.0%)
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FMD-91 Failure Distribution Summaries 3-69
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Electrical Motor, Induction, AC, Wound Rotor Sources:l
Fails to Start 67.4% 62.0% Catastrophic-Fails To Start (18175-000,62.0%)

Fails to Run,After Start 32.6% 30.0% Catastrophic-Fails To Run Once Started (18175-000,30.0%)

Unknown 8.0% Unknown (18175-000,9.0%)

Electrical Motor,HMntor/Blower (Summary)
Opened 27.3%
No Movement 20.7%
Worn 15.1%
Noisy 14.0%
Out of Spec. 12.4%
Out of Adjustment 10.5%

Electrical Motor, Motor/Blower,AC Sources:1

Opened 20.1% 11.1% Opened (20609-000,Qty:103)

No Movement 19.71 10.8% No Movement (20609-000,oty:101)

Worn 18.7% 10.3% Worn Out (20609-000,Qty:96)

Noisy 12.5% 6.9% Noisy (20609-000,Qty:64)

Out of Spec. 11.5% 6.3% Out of Specification (20609-000,Qty:59)

Out of Adjustment 9.6% 5.3% Out of Adjustment (20609-000,Qty:49)

Loss of Lubrication 8.0% 4.4% Loss of Lubrication (20609-000,2ty:41)

Unknown 33.4% Unknown (20609-000,Qty:311)

Other (0%5) 11.5%

Shorted 2.5% Short (20609-000,Qty:23)

Cracked/Fractured 2.1% Cracked/Fractured (20609-000,Qty:20)

Spurious/False Operation 1.7% False Response (20609-000,Qty:16)

Leakinq 1.3% Leaking (20609-000,Qty:12)

Intermittent Operation 1.2% Intermittent (20609-000,oty:ii)

Displaced 1.0% Displaced (20609-000,Qty:9)

Unstable Operation 0.5% Unstable (20609-000,Qty:5)

Exoessive Vibration 0,4% Vibrating (20609-000,Qty:4)

Clogged/clogging 0.4% Clogged (20609-000,gty:4)

Overheated 0.1% Overheated (20609-000,Qty:1)

Improper Timing 0.1% Improper Timing (20609-000,oty:l)

Burned/Charred 0.1% Burned (20609-000,Qty:1)
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3-70 Failure Distribution Sunuraries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Msch Dist. Dist. Source(s)/Details

Electrical Motor, Motor/Blower, AC, Induction Sources ii
No Operation 100.0% 100.0% No Operation (20609-000,Qty:l)

Electrical Motor, Motor/Blower, AC, Poly Phase Sources:1

No Movement 50.0% 41.8% No Movement (20609-000,Oty,28)

Noisy 28.6% 23.9% Noisy (20609-000,Oty:16)

Overheated 10.7% 9.0% Overheated (20609-000,Qty:6)

Opened 5.4% 4.5% Opened (20609-000,Qty:3)

Out of Spec. 5.4% 4.5% Out of Specification (20609-000,Oty:3)

Other (<%4) 16.4%
Shorted 3.04 Short (20609-000,Qty:2)

Out of Adjust)ment 3.0% Out of Adjustment (20609-000,Qty:2)

Spurious/False Operation 3.0% False Response (20609-000,Qty:2)

Cracked/Fractured 3.0% Cracked/Fractured (20609-000,Qty:2)

Excessive Vibraition 1.5% Vibrating (20609-000,Oty:1)

Displaced 1.5% Displaced (20609-000,oty:i)

Contaminated 1.5% Contaminated (20609-000,Qty:l)

Electrical Motor,Motor/Blower,AC,Split Phase Sources:l
Cracked/Fractured 50.0% 50.0% Cracked/Fractured (20609-000,Qty:l)

Displaced 50.0% 50.0% Displaced (20609-000,Qty.1)

Electrical Motor, Motor/BDLower, DC Sources :1

No Operation 46.3% 41.6% No Operation (20609-000,Qty:37)

Opened 16.3% 14.6% Opened (20609-000,Qty:13)

Out of Adjustment 12.5% 11.2% Out of Adjustment (20609-000,Qty:10)

Degraded Operation 10.0% 9.0% Degraded (20609-000,Oty:8)

Cracked/Fractured 8.7% 7.9% Cracked/Fractured (20609-000,Qty:7)

Out of Spec. 6.3t 5.6% out of Specification (20609-000,Qty:5)

Unknown ------ 1.1% Unknown (20609-000,Qtyl)

Other (0%4) 9.0%

Overheated 2.2% Overheated (20609-000,gty:2)

Noisy 2.2% Noisy (20609-000,Qty:2)

Spurious/False Operation 2.2% False Response (20609-000,Qty:2)

Intermittent Operation 1.1% Intermittent (20609-000,oty:i)

Drift 1.1% Drift (20609-000,oty:1)
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FMD-91 Failure Distribution Summaries 3-71
Part Failure Norm Fail Data
Deao. Mode/Mech Dist. Dist. Source(s)/Details

Electrical Motor, Motor/Blower,DC, Commutator Sources: 1
Out of Adjustment 100.0% 100.0% Out of Adjustment (20609-000,Qty.l)

Electrical Motor,Motor/Blower,Fan Sources:1
Noisy 100.0% 16.7% Noisy (20609-000,oty:l)

Unknown 83.3% Unknown (20609-000,Qty:5)

Electrical Motor,Motor/Blower,Fan,Axial Sources :1

Out of Adjustment 40.0% 33.3% Out of Adjustment (20609-000,Qty:4)

No Movement 30.0% 25.0% No Movement (20609-000,Qty:3)

Noisy 10.0% 8.3% Noisy (20609-000,Qty:l)

Out of Spec. 10.0% 8.3% Out of Specification (20609-000,Qty:l)

Stuck Open 10.0% 8.3% Stuck Open (20609-000,Qty:l)

Unknown 16.7% Unknown (20609-000,Qty:2)

Electrical Motor, Motor/Blower,Fan,Centrifugal Sources: 1

Noisy 30.0% 23.1% Noisy (20609-000,oty:3)

Cracked/Fractured 20.0% 15.4% Cracked/Fractured (20609-000,oty:2)

Intermittent Operation 20.0% 15.4% Intermittent (20609-000,Qty:2)

Displaced 10.0% 7.7% Displaced (20609-000,Qty:l)

No Operation 10.0% 7.7% No Operation (20609-000,Qty:')

Out of Adjustment 10.0% 7.7% Out of Adjustment (20609-000,Qty:l)

Unknown 23.1% Unknown (20609-000,Qty:1) (20609-000,oty:l)
(20609-000, Oty: 1)

Electrical Motor, Motor/Blower, Fan, Vane Axial Sources :1
Noisy 40.0% 33.3% Noisy (20609-000,Qty:2)

Out of Spec. 40.0% 33.3% Out of Specification (20609-000,Oty:2)

Spurious/False Operation 20.0% 16.7% False Response (20609-000,Qty:l)

Unknown 16.7% Unknown (20609-000,Qty:l)

Electrical Motor,Motor/Blower, Induction Sources:1
No Operation 75.0% 75.0% No Operation (20609-000,oty:3)

Degraded Operation 25.0% 25.0% Degraded (20609-000,Qty:I)
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3-72 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Much Dist. Dist. Source(s)/Details

Electrical Motor, Motor/Blower, Synchronous Sources iI
Opened 79.7% 66.3% Opened (20609-000,Qty:55)

Out of Spec. 13.0% 10.8% Out of Tolerance (20609-000,Oty:5), Out of Specification

(20609-000, oty: 4)

Intermitt.ent Operation 4.3% 3.6% Intermittent (20609-000,Qty:3)

Degraded Operation 2.9% 2.4% Degraded (20k09-000,Qty:2)

Unknown ....... 16.9% Unknown (20609-000,oty:4) (20609-000,oty:•0)

Electrical Motor, Servos, Composite Sources 1
Fails to Position 50.3% 40.0% Catastrophic-Fails To Position (18175-000,40.0%)

(18175-000, 40.0%)

Fails to Op. on Demand 49.7% 39.5% Catastrophic-Fails To Operate On Demand (18175-000,39.0%)
(18175-000, 40.0%)

Induced ------ 20.5% Degraded - Fails To Position Correctly (18175-000,110.0%)
(18175-000,16.0%), Degraded - Hunts For Correct Position
(18175-000,5.0%) (18175-000,10.0%)

Electrical Motor, Squirrel Cage, AC Sources:1
Fails to Start 50.6% 42.0% Catastrophic-Fails To Start (18175-000,38.0%)

,18175-000, 46.0%)

Fails to Run,After Start 49.4% 41.0% Catastrophic-Fails To Run Once Started (18175-000,38.0%)
(18175-000,44.0%•

Unknown 17.0% Unknown (18175-000,10.0%) (18175-000,24.0%)

Electrical Motor, Stepper Sourcein:l
Rough Operation 100.0% 100.0% Rough Operation (10722-000,oty:l)

Electrical Motor, Synchronous,AC, Single Phase Nources:1

Fails to Run,After Start 51.7% 46.0% Catastrophic-Fails To Run Once Started (18175..000,46.0%)

Fails to Start 40.4% 36.0% Catastrophic-Fails To Start (38175-000,36.0%)

Degraded Operation 7.9% 7.0% Degraded (18175-000,7.0%)

Unknown 11.0% Unknown (18175-000,11.0%)

Electrical Motor, Tachometer, Servo Sources:1

Bearing Failure 52.9% 45.0% Bearing Failure (24993-000,45.0%)

Winding Failure 47.1% 40.0% Winding Failure (24993-000,40.0%)

Unknown ------ 15.0% Unknown (24993-000,15.0%)
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Part Failure Norm Fail Data
Deac. Mode/Mech oist. Dist, Source(s)/Details

EY;eztron`c-T-es~t EFqpt Suurces1---"--l
Unknown ---- <0.).,% Unkno~wn (24997-000,NR)

Other ---- 100.0%
Incorrect Reading NR Zero or maximum reading (24997-000O,NR(

spurious/False operation NR Erratic indication (24997-000,NR)

Elevating Mech, Left Sources:1
Broken 63.6% 1.8.9% Broken Bolt(s) (25101-000,0ty:1), Broken/Damaged

(25101-000,Qty:l), Poor Design - Broken/Damaged
(25101-000,Qty:5)

Loose 18.2% 5.4% Part Missing/Loose - Abnormal. Operation (25101-OOO,Qty:l(,
Loose Bolt(s) - Stripped (25101-00O,oty:1)

Worn 9.1% 2.7% Worn - Inop Man Elevation (25101-DOO,Qty:lJ

Leaking 9.1% 2.7% Part Struck/Damaged -Leaking Fluid (25101-000,Qty:l)

Induced--------------------70.3% Item Abuse/Neglect -Missing (25101-000,Qty:23), Item
Abuse/Neglect - Broken/Damaged (25101-C00,Qty:l), Part
Struck/Damaged - Missing (2510l-000,Qty-l), Item
Abuse/Neglect - Broken Bolt(s) (25101-000,U)ty:l)

Elevating Mech,Right Sources:1

Bent/Dented/Warped 66.7t 40.0% Collapsed/Bent (25101-000,Qty:2)

Broken 33.3% 20.0% Part Struck/Damaged - Broken Damaged (25101-000,Qty:l)

Induced ---- 40.0% Operating Error - Inop/Unserviceable (25l0l-000,Qty:l),
Lack Of Lubrication - Noisy (25101-000,Qty:l)

Encoder, Azimuth Sources :1
No Movement 64.9% 35.6% Antenna Won't Move (19542-000,32.3%), No Movement Between

Dwells (19542-000,3.2%b)

Resistor Failure 5.9% 3.2% Resistor Is Defective ('19542-000,3.2%)

Optical Asably Failure 5.9% 3.2% Optical Assembly Defective (19542-000,3.2%)

Lamp Failure 5.9% 3.2% Lamp Design Defective (19542-000,3.2%)

Incorrect Antenna Rotation 5.9% 3.2% Ine-orrect Antenna Rotation (19542-000,3.2%)

Cracked/Fractured 5.9% 3.2% cracked Glass Disc (19542-000,3,2%)

Casing Rotates 5.9% 3.2% Casing Rotates (19542-000,3.2%)

Unknown ---- 42.0% Unknown (19542-000,41.9%)

Induced ---- 3.2%V Encoder Marking Should Be Removed (19542-000,3.2%)

Reliability Analysis Center (RAC) e 201 Mill St., Rome, NY 13440 * 315-337-0900



3-74 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Engine Sources l
No Movement 44.0% 38.4% No Movement (20609-000,Qty:73)

Leaking 22.9% 20.0% Leaking (20609-000,Oty:38)

Cracked/Fractured 10.2% 8.9% Cracked/Fractured (20609-000,Qty:17)

Intermittent Operation 6.0% 5.3% Intermittent (20609-000,Oty:10)

Out of AdJustment 6.0% 5.3% Out of Adjustment (20609-000,Qty:10)

Out of Spec. 6.0% 5.3% Out of Specification (20609-000,Qty:10)

Spurious/False Operation 4.8% 4.2% False Response (20609-000,Qty:B)

Unknown 1.1% Unknown (20609-000,Qty:2)

Other (<%5) 11.6%

Noisy 3.2% Noisy (20609-000,Qty:6)

Seized 2.1% Seized (20609-000,Qty:4)

Displaced 2.1% Displaced (20609-000,Oty:4)

Excessive Vibration 1.1% Vibrating (20609-000,Qty:2)

Unstable Operation 1.1% Unstable (20609-000,Qty:2)

Shorted 0.5% Short (20609-000,Qty:l)

Overheated 0.5% Overheated (20609-000,Qty:l)

Improper Timing 0.5% Improper Timing (20609-O00,Q•ty:l)

Improper Flow 0.5% Improper Flow (20609-000,Qty:l)

Engine, Diesel Sources:2
Mechanical Failure 23.3% 21.2% Moving Mechanical Parts (24990-000,30.0%), Engine

(24996-000,12.0%)

Loss of Control 21.7% 19.7% Control Circuits (24996-000,21.0%), Speed Control
(24996-000,17.5%)

Lube & Cooling Sys. Failure 12.7% 11.5% Lube and Cooling (24990-000,23.0%)

Air 6 Fuel System Failure 12.7% 11.5% Air and Fuel (24990.-000,23.0%)

Electrical Failure 12.4% 11.3% Electric, Start, Battery (24990-000,1.0%), Starting
S/System (24996-000,21.0%)

Seal/Gasket Failure 8.8% 8.0% Misc. and Seals (24990-000,16.0%)

Lubricating System Failure 8.5% 7,7% Fuel Oil S/System (24996-000,8.0%), Lube S/Systems
(24996-000,7.0%)

Other (0%7) 9.1%
Cooling System Failure 5.6% Cooling S/System (24996-000,11.0%)

Block and Head Failure 3.5% Block* and Heads (24990-000,7.0%)
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FMD-91 Failure Distribution Summaries 3-75
Part Failure Norm Fail Data
Deac. Mods/Moch Dist. Dist. Source(s)/Details

Engine, Turbine, Gas Sources12
Worn 53.5% 53.5% Worn, Chaffed, Frayed or Torn C25464-000,Oty:463)

Cracked/Fractured 44.8% 44.8% Cracked (25464-000,Qty:388)

Leaking 1.6% 1.6% Leaking Internal or External (25464-0 ¾,Qty:l)
(25464-000,oty:13)

Loose 0.1% 0.1% Loose, Damaged or Missing Har (25464-000,oty:l)

Other 0.0%

Seals & Bearings Failure NR Seals and Bearings (24996-000,NR)

Grooving NR Fuel Sub-System (24996-000,NR)

Compressor & Turbine Failure NR Compressor and Turbine (24996-000,NR)

Housing Failure NR Housing (24996-000,NR)

Combustion Sub-System NR Combustion Sub-System (24996-000,NR)

Loss of Lubrication NR Lubrication Sub-System (24996-000,NR)

Equilidrator Assy Sources:l
No Operation 44.8% 26.3% Inop Man Elevation (25101-000,Qty:l) (25101-000,Qty:7),

Internal Failure - Inop Man Elevation (25101-000,Qty.18)

Binding/Sticking 34.5% 20.2% Internal Failure - Binding/Sticking (25101-000,Qty:13),
Binding/Sticking (25101-000,Qty:l), Unknown -
Binding/Sticking (25101-000,oty:4), Worn - Binding/Sticking
(25101-000,Qty:2)

Loose 8,6% 5.1% Internal Failure - Loose (25101-000,Qty:5)

Seized 5.2% 3.0% Internal Failure - Seized (25101-000,Qty:3)

Out of Adjustment 3.4% 2.0% Out Of Adjustment - Inop Man Elevation (25101-000,Qty:2)

Broken 3.4% 2.0% Internal Failure - Broken/Damaged (25101-000,Qty:l),
Broken/Damaged (25101-000,Qty:1)

Induced 37.4% Caused By Other Failure-Broken/Damaged (25101-000,Qty:l),
Improper Adjustment - Inop Man Elevation (25101-000,Qty:l),
Improper Maintenance - Inop Man Elevation (25101-000,Qty:2),
Improper Maintenance - Binding/Sticking (25101-000,Qty:l),
Improper Maintenance - Fnd In TI/PMCS/INSP
(25101-000,Qty:l), Improper Maintenance - Leaking Fluid
(25101-000,Qty:l), Lavk Of Maintenance - Binding/Sticking
(25101-000,Qty:5), Lauk Of Maintenance - Inop Man Elevation
(25101-000,Qty:17), Lack Of Maintenance - Inop/Sluggish

Breech (25101-000,Qty:3), Lack Of Maintenance - Fnd In
TI/PMCS/INSP (25101-000,Qty:3), Lack Of Maintenance - Noisy
(25101-000,Qty:1), Imp Assembly/Install (25101-000,Qty:l)

Unknown 2.0% Unknown (25101-000,Qty:2)

Other (%3) 2.0%
Excessive Play 1.0% Excessive Play (25101-000,Qty:l)

Worn 1.0% Worn - Fnd In TI/PMCS/INSP (25101-000,Qty:l)
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3-76 Failure Distributon Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Much Dist. Dist. Source(s)/Details

Extractor Right Sources:l
Aged/Deteriorated 100.0% 50.0% Deteriorated/Aged - Inop/Unservioeable (25101-000,Oty:l)

Induced ------ 50.0% Item Abuse/Neglect - Missing (25101-000,Qty:1)

Fan Sources:1
Binding/Sticking 95.0% 95.0% Binding Stuck or Jammed (2546i-ý,0,Oty:19)

Broken 5.0% 5.0% Broken (25464-000,Qty:l)

Fasteners,Lock Sources:l
Broken 75.0% 50.0% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:2)

Aged/Deteriorated 25.0% 16.7% Deteriorated/Aged - Broken/Damaged (25101-000,Qty:l)

Induced ------- 33.3% Caused By Other Failure-Missing (25101-000,Qty:l), Fell Off
or List - Missing (25101-000,Qty:1)

Fasteners,Mechanical Sources:2
Induced -------- 0.1% Rivets (Shear _n Shank) (24996-000,NR), Rivets (Crushing

Failure) (24996-000,NR), Shear in Shank (24997-000,NR),
Crushing Failure (24997-000,NR)

Other ------ 100.0%
Nut Failure NR Nuts & Bolts (Nut Failure) (24996-000,NR)

Bolt Failure NR Nuts & Bolts (Bolt Failure) (24996-000,NR)

Thread Failure NR Nuts G Bolts (Thread Fail) (24996-000,NR), Thread Fail
(24997-000, NR)

Stud Cracked NR Nuts & Bolts (Stud or Lockwasher Cracked) (24996-000,NR),
Stud or Lockwasher Cracked (24997-000,NR)

Fatigue NR Pins (Fatigue Fracture) (24996-000,NR), Fatigue Fracture
(24997-000, NR)

Fretting NR Pins (Fretting) (24996-000,NR), Iretting (24997-000,NR)

Corroded NR Pins (Corrosion) (24996-000,NR), Corrosion (24997-000,NR)

No Clamping Force NR Failure to Provide Clamping Force (24997-000,NR)

Bolt & Nut Failure NR Nuts & Bolts Failure (24997-000,NR)

Broken NR Failure of Fastener (24997-000,NR)

Mechanical Failure NR Mechanical Failure (Breakage or Corrosion) (24997-000,NR)

Contact Failure NR Electrical Contact Failure (24997-000,NR)
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FMD-91 Failure Distribution Summaries 3-77
Part Failure Norm Fail Data
Deom. Mode/Mach Dist. Dist. Source(s)/Details

Fasteners,Retaining Ring Sources:1
Worn 50.0% 33.31 Needs Replacement (19542-000,33.3%)

Out of Adjustment 50.0% 33.3% Needs Adjustment (19542-000,33.3%)

Unknown ------ 33.3% Unknown (19542-000,33.3%)

Fitting Sources:2

Leaking 33.5% 21.9% Leaking (19542-000,28.6%) (20609-000,Qty:26)

Cracked/Fractured 30.7% 20.1% Cracked/Fractured (20609-000,Qty:69)

Broken 16.5% 10.8% Broken (20609-000,Qty:37)

Aged/Deteriorated 8.9% 5.8% Deteriorated (20609-000,Qty:20)

Contaminated 5.4% 3.6% Needs Cleaning (19542-000,7.1%)

Scored 4.9% 3.2% Scored (20609-000,Qty:ll)

Unknown 28.9% Unknown (19542-000,57.1%) (20609-000,Qty:l)

Induced ------ 3.6% Improper Adjustment (19542-000,7.1%)

Other (<%3) --- 2.3%

Out of Spec. 1.2% Out of Tolerance (20609-000,Qty:4)

Bent/Dented/Warped 0.9% Warped (20609-000,gty:l), Distorted (20609-000,Qty:2)

Worn 0.3% Worn Out (20609-000,Qty:l)

Fitting, Lubrication Sources:1
Induced ------ 100.0% Item Abuse/Neglect - Missing (25101-000,Oty:l)

(25101-000,Qty:2), Fell Off Or Lost - Missing
(25101-000,Qty:l), Vibration - Missing (25101-000,Qty:l)
(25101-000,Qty;2), Wrong Part - Loose (25101-000,Qty:l),
Improper Installation - Missing (25101-000,Oty:l), Improper
Installation - Broken/Damaged (25101-000,Qty:l), Improper
Maintenance - Stripped (25101-000,Qty:l)

Frame Assembly Sources:1
Bent/Dented/Warped 80.0% 57.1% Warped/Bent - Inaccurate (25101-000,Qty:l)

(25101-000,oty:2), Collapsed/Bent (25101-000,Qty:l)

Broken 20.0% 14.3% Part Struck/Damaged - Inaccurate (25101-000,Qty:l)

Induced ------- 28.6% Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:l), Item
Abuse/Neglect - Inaccurate (25101-000,Qty:1)
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3-78 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deos. Mode/Mech Diat. Dist. Source(s)/Details

Frame Assembly,Support Sources:1l
Ccacked/Fractured 60.0% 50.0% Vibration - Cracked (25101-000,Oty:l), Cracked

(25101-000,oty:l) (25101-000,Qty:l)

Broken 20.0% 16.7% Part Struck/Damaged (25101-000,oty:l)

Aged/Deteriorated 20,0% 16.7% Deteriorated/Aged - Cracked (25101-000,Qty:1)

Induced 16.7% Overtorqued - Stripped (25101-000,Qty:l)

Fuse Sources: 10
Fails to Open 29.8% 25.0% Failure to Open or Blow (25016-000,NR), Failure to Open

(22540-000,NR) (24417-001,NR) (24990-000,15.0%), Failure to
Open or Slow to Open Circuit (24996-000,78.0%)
(24997-000, 78.0%)

Slow Open 25.5% 21.4% Slow Open (20609-000,75.0%) (24990-000,75.0%)

Blown Fuse 22.7% 19.0% Fuse Blown (23038-001,Qty:l) (23038-002,Qtyl)

Oper~ed 9.3% 7.8% Open Circuit (25016-000,NR), Opens (24990-000,10.0%), Blown
Fuse (23038-006,Qty:l) (23038-006,Qty:6) (23038-006,Qty:13),
open (22540-000,NR)

Premature Open 5.0% 4.2% Premature Open (20609-000,10.0%), Premature Open Circuit
(24996-000,9.5%) (24997-000,9.5%1, Unecessary Opening
(24417-001, NR)

Loss of Power 4.2% 3.5% Electrical Pwr Loss (23038-006,Qty:ll)

Mechanical Failure 3.5% 2.9% Other (Short tu Ground, Mechanical Failure)
(24996-000,10.0%) (24997-000,10.0%)

Induced i------ 10.5% Missing (23038-002,Oty:2), Overloaded (23038-006,Oty:3)

Unknown ------- 1.9% Unknown (23038-006,oty:3) (23038-006,Qty:3)

Other (<%4) ------ 3.7%
Out of Spec. 2.1% Out of Specification (20609-000,15.0%)

Connection Failure 1.0% Connection Defective (23038-006,Oty:3)

Audio Fault/Failure 0.3% Audio Faulty (23038-006,Q"y:l)

No Output 0.3% No Output (23038-006,Qty:l)

Fuse,Spark Gap Sources :1
Hermetic Leakage 100.0% 100.0% Failed to FiLe-Major Hermetic Leakage (25027-000,oty:9)

Fuse,Surqe Arrestor Sources:l
Broken 64.7% 52.4% Broken (23038-006,Qty:ll)

Cut/Scarred/Punctured 29.4% 23.8% Cut/Torn (23038-006,Qty;5)

Worn 5.9% 4.8% Worn Excessive (23038-006,Qty:l)

Unknown 14.3% Unknown (23038-006,Qty:3)

Induced 4.9% Missing (23038-006,Qty:l)
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FMD-91 Failure Distribution Summaries 3-79
Part Failure tMorrn Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Gasket (Summary)
Mechanical Damage 24.7%
Leaking 21.4%
Needs Replacement 21.3%
Aged/Deteriorated 19.4%
Broken 7.1%
Worn 6.1%

Gasket Sources :1
Aged/Deteriorated 48,8% 29.0% Deteriorated/Aged - Leaking Hydraulic Oil (25101-000,Qty:2)

(25101-000,Qty:2), Deteriorated/Aged - Inop/Unserviceable
(25101-000,0ty:l) (25101-000, qty: 1) (25101-000, Qty: 1)
(25101-000,Qty:l), Deteriorated/Aged - Low Pow P1 Oil Press
(25101-000,Qty:1), Deteriorated/Aged - Leaking Nitrogen
(25101-000,oty:l), Deteriorated/Aged - Deteriorated
(25101-000,Oty:1) (25101-000,Qty:l) (25101-000,Qty:l),
Deteriorated (25101-000,Qty:l), Deterior;.ted/Aged - Fnd In
TI/PMCS/INSP (25101-000,Qty:5), Deteriorated/Aged -

Broken/Damaged (25101-000, Oty: 1)

Broken 24.4% 14.5% Broken/Damaged (25101-000,Qty:2) (25101-000,Qty:3)
(25101~-000, Oty: 5)

Worn 19.5% 11.6% Seals Worn - Slams Into Battery (25101-000,Qty-l), Seals
Worn - Leaking Hydraulic Oil C25101-000,Qty.l), Seals Worn-
Internal Moisture (25101-000,Qty:2), Seals Worn -
Inop/Unserviceable (25101-000,Qty:2), Seals Worn - Leaking
Fluid (25101-000,Qty:l), Seals Worn - Fnd In TI/PMSC/INSP
(25101-000, Qty. 1)

Cracked/Fractured 2.4% 1.4% Cracked (25101-OOO,Qty:l)

Leaking 2.4% 1.4% Leaking Fluid (2510l1-000,Qty:l)

Seized 2.4% 1.4% Seized/Frozen - Inop/Unserviceable (25101-000,Qty:a)

Unknown ---- 36.2%k Unknown C25101-000,Qty:25)

Induced ---- 4.3% Improper Installation - Leaking Hydraulic oil
C25l0l-OOOQty-l), Improper Installation - Internal Moisture
(25101-000,Qty:l), Improper Install - Missing
(2510 1-000, Qty: 1)

Gasket, Packing, Preform Sources:1
Aged/Deteriorated 57.1% 57.1% Deteriorated/Aged - Cracked (25101-000,Qty:l),

Deteriorated/Aged - Inop/Unserviceable (25101-000, Oty: 1)
(25101-000,Qty~l) (25101-000,Qty:2) (25101-O00,Qty:3),
Deteriorated/Aged - Broken/Damaged (25101-000,Qty:l),
Deteriorated (25101-000,Qty:l) (25101-000,Qty:l),
Deteriorated/Aged - Leaking Hydraulic Oil (25101-000,Qty:l)

Broken 19.0% 19.0% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:l)
(25101-000,Qty:2)

Worn 19.0% 19.0% Seals Worn - Leaking Hydraulic oil (25101-000,Qty:3), Seals
Worn - Inop/Unserviceable (25101-000, Oty :1)

Cracked/Fractured 4.8% 4.8% Cracked/Split-Leaking Fluid (25101-000, (Jty:l)
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3-80 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Gasket, Seal Sources:4
Mechanical. Damage 32.4% 27.0% Mechanical Damage (24996-000,54.0%), Organic Mat.

(Mechanical Damage) (24997-000,NR)

Needs Replacement 28.0% 23.3% Needs Replacement (19542-000,46.7%)

Leaking 27.4% 22.8% Leaking (19542-000,6.7%), Leaks (24996-000,39.0%), Organic
Mat. (Gross leaks) (24997-000,NR), Leakage-Wear
(25036-000,NR), Leakage-Elastic Deformation-Gasket/Seal
Distortion (25036-000,NR), Leakage-Surface Damage
(25036-000,NR), Leakage-Embrittlement (25036-000,NR)

Aged/Deteriorated 4.2% 3.5% Physical Deterioration (24996-000,7.0%), Organic Mat.

(Material deterioration) (24997-000,NR)

Seal/Gasket Failure 4.0% 3.3% Bad Internal Seal In Gear Drive (19542--000,6.7%)

Dislocates During Movement 4.0% 3.3% Pops Up During Antenna Movement (19542-000,6.7%)

Unknown 13.3% Unknown (19542-000,26.7%) (24997-000,NR)

Induced 3.3% Improper Installation (19542-000,6.7%)

Other .--- 0.0%
Pin Holes NR Ceramic/Glass to Metal(Pin holes/channels @ Metal)

(24997-000, NR)

Solder Joint Failure NR Ceramic/Glass to' Metal(Soldered or brazing failure
(24997-000, NR)

Gauge Sources :2

Leaking 40.0% 25.5% Leaking (20609-000,Qty:62), Leak or Rupture (24996-000,NR)

Broken 27.7% 17.7% Ruptured (20609-000,Qty:2), Broken (20609-000,Qty:41)

Out of Adjustment 14.8% 9.5% Out of Adjustment (20609-000,Qty:23)

Binding/Sticking 9.0% 5.8% Binding (20609-000,Qty:14)

Intermittent Operation 4.5% 2.9% Intermittent (20609-000,oty:7)

Out of Spec. 3.9% 2.5% Out of Tolerance (20609-000,Qcy:6)

Unknown 34.2% Unknown (20609-000,Qty:83)

Other (<%3) 2.1%
Displaced 1.2% Displaced (20;09-000,Qty:3)

No Operation 0.8% No Operation (20609-000,Qty:2)

Incorrect Reading NR Incorrect Reading (24996-000,NR)

Gauge,Compass Sources:l
Binding/Sticking 40.9% 29.0% Binding (20609-000,Qty:117)

Leaking 26.2% 18.6% Leaking (20609-000,Qty:75)

No Movement 17.5% 12.4% No Movement (20609-000,Qty:50)

Broken 8.4% 6.0% Broken (20609-000,Qty:24)

Out of Spec. 4.9% 3.5% Out of Tolerance (20609-000,Qty:14)
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FMD-91 Failure Distribution Summaries 3-81
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Detaiis

Gauge, Compass (continued)
Spurious/False Operation 1.7% 1.2% Erratic (20609-000,oty:5)

Burned/Charted 0.3% 0.2% Burned (20609-000,Qty:i)

Unknown 29.0% Unknown (20609-000,Qty:117)

Gauge,Pressure Sources: 1

Drift 40.9% 40.9% Drift (24992-000,40.9%)

Binding/Sticking 27.3% 27.3% Binding (24992-000,27.3%)

Shorted 9.1% 9.1% Short (24992-000,9.1%)

Leaking 9.1% 9.1% Leak (24992-000,9.1%)

Opened 9.1% 9.1% Open (24992-000,9.1%)

Unstable Operation 4.5% 4.5% Unstable (24992-000,4.5%)

Gear (Summary)
Binding/Sticking 34.8%
Broken 26.1%
Worn 21.5%
Loss of Lubrication 6.7%
Fatigue 6.5%
Needs Replacement 4.4%

Gear Sources:3

Worn 43.4% 31.3% Worn Out. (19542-000,40.0%) (20609-000,Qty:14)

Binding/Sticking 40.6% 29.2% ainding (20609-000,Qty:2) (24990-000,80.0%)

Stripped 5.3% 3.8% Stripped (20609-000,Qty:3)

Broken 3.6% 2.6% Broken (20609-000,Qty:2)

Jammed/Stuck 3.6% 2.6% Jammed (20609-000,Qty:2)

Displaced 1.8% 1.3% Displaced (20609-000,Qty:1)

Noisy 1.8% 1.3% Noisy (20609-000,Qty:l)

Unknown 27.9% Unknown (19542-000,60.0%) (20609-000,Qty:l)
(24990-000,20.0%)

Gear Assembly,Housing Sources:1
Binding/Sticking 35.7% 29.4% Binding/Sticking (25101-000,Qty:1) (25101-000,Qty:2), Part

Struck/Damaged - Binding/Sticking (25101-000,Qty:l), Worn -

Binding/Sticking (25101-000,Qty:l)

Excessive Play 21.4% 17.6% Worn - Excessive Play (25101-000,Qty:3)

Broken 21.4% 17.6% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:1), Part
Struck/Damaged - Broken/Damaged (25101-000,Qty:l)

Out of Adjustment 14.3% 11.8% Out Of Adjustment - Binding/Sticking (25101-O00,Qty:l), Out
Of Adjustment - Excessive Play (25101-000,Qty:l)

Skipping 7.1% 5.9% Internal Failure - Skips (25101-000,Qty:l)
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3-82 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Gear Assembly,Housirig (continued)
Induced .......- 17.6% Improper Install - Binding/Sticking (25101-000,Qty:l), Lack

Of Maintenance - Found In TI/PMCS/Insp (2.101-000,Qty:l),
Operator Error - Broken/Damaged (25101-000,Qty:i)

Gear Assembly,Hcusing,Upper Elev Sources:l
Worn 33.3% 23.8% Woin Out (25101-000,oty:l), Worn/Stripped - Inop Man

Elevation (25101-000,Qty:3), Worn/Stripped - Stripped
Gear/Spline (25101-000,Qty:l)

Excessive Play 26.7% 19.0% Excessive Play (25101-000,Qty:l) (25101-000,Qty:l)
(25101-000,Qty:2)

Binding/Sticking 13.3% 9.5% Worn - Binding/Sticking (25101-000,Qty:l), Gears Binding -
Binding/Sticking (25101-000,Qty:l)

Creep 13.3% 9.5% Creep (25101-000,Qty:l), Internal Failure - Creep

(25101-000, Q,.yl)

Skipping 13.3% 9.5% Skips (25101-000,Qty:l) (25101-000,Qty:l)

Induced ------ 14.3% Caused By Other Failure-mnop Man Elevation
(25101-000,Qty:l), Improper Maintenance - Stripped
Gear/Spline (25101-000,Qty:l), Lack Of Lubrication - Inop
Man Elevation (25101-000,Qty:l)

Other (<%7) ------- 14.3%

No Operation 4.8% Inop Man Elevation (25101-000,Qty:l)

Intermittent Operation 4.8% Internal Failure - Intermittent Operation (25101-000,Qty:l)

Broken 4.8% Broken/Separated - Inop Man Elevation (25101-000,Qty:1)

Gear Assembly,Worm Sources:1
Seized 50.0% 50.0% Seized/Frozen - Inop/Unserviceable (25101-000,Qty:l)

Excessive Play 50.0% 50.0% Excessive Play (25101-000,Qty:l)

Gear Box Sources:l
Loss of Lubrication 66.7% 66.7% No Oil In Gear Box (19542-000,66.7%)

Needs Replacement 33.3% 33.3% Needj Overhaul (19542-000,33.3%)

Gear Box,Mechanical Device Sources:1
Binding/Sticking 81.8% 39.1% Bindinq (20609-000,oty:9)

Leaking 18.2% 8.7% Leaking (20609-000,Qty:2)

Unknown ------ 52.2% Unknown (20609-000,Qty:12)
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FMD-91 Failure Distribution Summaries 3-83
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Gear Set,Matched Sources:1
Binding/Sticking 50.0% 20.0% Gears Binding - Inop/Unserviceable (25101-000,Qty:l)

Broken 50.0% 20.0% Broken/Damaged (25101-000,Qty:l)

Induced ------ 40.0% Improper Install - Inop/Unserviceable (25101-000,Qty:l),
Lack of Maintenance - Inop/Sluggish Breach (2 5101-000,Qty:l)

Unknown ------- 20.0% Unknown (25101-000,Qty:l)

Gear, Bevel Sources:1
Worn 36.4% 36.4% Worn - Noisy (25101-000,Qty:l), Worn - Inop/Unserviceable

(25101-000,Qty:l), Worn Out (25101-000,Qty:l), Worn - Inop
Man Elevation (25101-000,Qty:l)

Chipped 27.3% 27.3% Chipped-Inop 'd.an Elevation (25101-000,Qty:1)
(25101-000,Qty:l), Chipped-Noisy (25101-000,Qty:l)

Excessive Play 18.2% 18.2% Worn - Excessive Play (25101-000,oty:l) (25101-000,Qty:l)

Binding/Sticking 9.1% 9.1% Worn/Stripped - Binding/Sticking (25101-000,Qty:l)

Out of Adjustment 9.1% 9.1% Out Of Adjustment - Binding/Sticking (25101-000,Qty:l)

Gear,Box Traversing Sources:1
Seal/Gasket Failure 50.0% 50.0% Seals Worn - Leaking Fluid (25101-000,Qty:l)

Loose 50.0% 50.0% Loose Nut(s) - Preventive Action (25101-000,Qty:l)

Gear, Drive Sources:1

Worn 66.7% 20.0% Worn Out (19542-000,20.0%)

Needs Replacement 33.3% 10.0% Needs Replacement (19542-000,10.0%)

Induced ------- 40.0% Improper Adjustment (19542-000,30.0%), Improper
Installations (19542-000,10.0%)

Unknown ------- 30.0% Unknown (19542-000,30.0%)

Gear, Houslng Elev Sources:1
Broken 55.2% 44.4% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:ll), Part

Struck/Damaged - Broken/Damaged (25101-000,Qty:4)

Cracked/Fractured 31.0% 25.0% cracked (25101-000,Qty:8), Part Struck/Damaged - Cracked
(25101-000,Qty:1)

Binding/Sticking 3.4% 2.8% Binding/Sticking (25101.-000,Qty:l)

No Operation 3.4% 2.8% Inop Power Elevation (25101-000,Qty:l)

Bent/Dented/Warped 3.4% 2.8% Warped Bent - Abnormal Operation (25101-000,Oty:1)

Noisy 3.4% 2.8% Noisy (25101-000,Qty:1)

Induced ------- 16.7% Lack Of Lubrication - Binding/Sticking (25101-000,Qty:2),
Item Abuse/Neglect - Broken/Damaged (15101-000,Qty:l), Item
Abuse/Neglect - Binding/Sticking (25101-000,Qty:l), Item
Abuse/Neglect - Cracked (25101-000,Qty:2)
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3-84 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Gear,Housing Elev (continued)
Unknown 2.8% Unknown (25101-000,Qty:l)

Gear, Internal Sources:l
Binding'Sticking 100.0% 100.0% Binding/Sticking (25101-000,Qty:3)

Gear, Sector Sources:1
Loose 28.6% 25.0% Loose (25101-000,Qty:l), Loose Nut(s) - Inaccurate

(25101-000,Qty:l)

Bindlng/iticking 28.6% 25.0% Binding/Sticking (25101-000,Qty:l), Worn - Binding/Sticking
(25101-000,Qty:l)

Excessive Play 28.6% 25.0% Worn - Excessive Play (25101-000,Qty:l), Part Missing/LoO.3e
- Excessive Play (25101-000,Qty:l)

Worn 14.3% 12.5% Worn - Inaccurate (25101-000,Qty:l)

Induced 12.5% Part Struck/Damaged - Abnormal Operation (25101-000,Qty:l)

Goar, Spur Sources:1
Seized 100.0% 100.0% Worn/Stripped - Seized (25101-000,Qty:l)

Gear, Spur, Helicap Sources:1

Broken 64.6% 64.6% Breakage Teeth (24996-000,61.2%)

Fatigue 21.4% 21.4% Surface Fatigue (Pitting and Soalling) (24996-000,20.3%)

Worn 13.9% 13.9% Wear (Abrasive and Adhesive) (24996-000,13.2%)

Gear, Spur, Splined Sources:l
Cracked/Fractured 100.0% 100.0% Cracked/Split-Binding/Sticking (25101-000,Qty:l)

Gear, Traveling, Front Handwheel Sources:1

Bearing Failure 28.6% 28.6% Bearing Failure-Inop Man Traverse (25101-000,Qty:2)

Bent/Dented/Warped 28.6% 28.6% Part Struck/Damaged - Collapsed/Bent (25101-000,Qty:2)

Loose 14.3% 14.3% Part Missing/Loose - Inop Man Traverse (25101-000,Qty:l)

Excessive Play 14.3% 14.3% Excessive Play (251C1-000,0ty:l)

No Operation 14.3% 14.3% Inop Man Traverse (25101-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-85
Part Failure Norm Fail Data
Demc. Mode/Mech Dist. Dist. Source(s)/Details

Gear, Traveling, Front Roller Sources:l
Seal/Gasket Failure 75.0% 60.0% Seals Worn - Leaking Fluid (25101-000,Qty:l)

(25101-000,Qty:l) (25101-000,Qty:l)

Bearing Failure 25.0% 20.0% Bearing FAilure - Excessive Play (2ol01-000,Qty:l)

Induced 20.0% Improper Installation - Stripp.d (25101-000,Qty:l)

Generator (Summary)
Drift 34.0%
No Output 18.1%
Degraded Operation 15.4%
Shorted 9.3%
Worn 7.9%
Fails to Run,After Start 7.8%
Loss of Control 7.5%

Generator Sources:5
Degraded Operation 49.8% 40.7% Loss of Output (24990-000,20.0%), Degraded

(18175-000,7.0%), Sheared (23038-004,Qty:l), Low Power
(23038-005,Qty:l) (23038-005,Qty:l)

Drift 19.7% 16.1% Drift or Intermittent (24990-000,80.0%), Drift
(20609-000,Qty,2)

Fails to Run,After Start 14.0% 11.4% Catastrophic-Fails Once Started (18175-000,24.0%)

Worn 8.0% 6.5% Worn Out (20609-000,Qty:192)

Fails to Start 6.4% 5.2% Catastrophic-Fails To Start (18175-000,11.0%)

Broken 1.1% 0.9% Broken (20609-000,Qty:26)

Contaminated 1.1% 0.9% Contaminated (20609-000,Qty:26)

Unknown 16.2% Unknown (20609-000,Qty:281) (23038-005,Qty:l)

Other (<%2) 2.0%
.ixt of Spec. 0.8% Out of Tolerance (20609-000,Qty:17), Out of Specification

(20609-000, Qty:7)

Shorted 0.4% Short (20609-000,Qty:ll)

Seized 0.3% Seized (20609-000,Qty:8)

Burned/Charred 0.3% Burned (20609-000,Qty:8)

No Operation 0.1% No Operation (20609-000,Qty:4)

Leaking 0.1% Leaking (20609-000,Qty:3)

Binding/Sticking <0.1% Binding (20609-000,Qty:2)
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3-86 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Generator,AC Sources:5
No Output 30.0% 14.1% No Output (23038-004,Qty:4) (23038-004,Qty:6)

(23038-006,Qty:14) (23038-006,Qty:25) (23038-U06,Qty:63)

Drift 26.5% 12.5% Drift (24992-000,62.5%)

Opened 12.4% 5.9% Open (23038-004,Qty:l) (24992-000,25 0%), Opened
(20609-000,Qty:5)

Fails to Run,After Start 12.3% 5.8% Catastrophic-Falls Once Started (18175-000,28.0%)
(18175-000,28.0%), Inoperative (23038-004,Qty1)

Shorted 9.4% 4.4% Short. (20609-000,Qty:5) (23038-006,Qty:9)
(24992-000,12,5%), Shorted Or Grounded (23038-004,Qty:l)

Intermittent Operation 9,3% 4.4% Intermittent (20609-000,Qty:33)

Unknown ...... 18.1% Unknown (18175-000,52.0%) (18175-000,52.0%)
(20609-000,oty:14) (23038-004,Qty:l) (23038-004,Qty:l)
(23038-004,Qty:2) (23038-004,Qty:2) (23038-004,Oty:23)
(23038-006, Qty:2)

Induced- 1.8% Caused By Other Dev. (23038-004,Qty:2), Sheared
(23038-004,Qty:2) (23038-004,Oty:2) (23038-006,Qr.y:l),
Improper Energy Resp (23038-004,Qty:l), Operating Error
(23038-004,Qty:l), Improper Alignment (23038-006,Qty:l)

Other (<%G) 33.0%
No Movement 4.0% No Movement (20609-000,Qty:30)

Loss of Control 3.9% Control Inoperative (23038-004,oty:l) (23038-004,Qty:ll)
(23038-.006,Oty:2) (23058-006,Qty:ll)

Degraded Operation 3.8% Degraded (18175-000,8.0%) (18175-000,8.0%), Electrical Pwr
Loss (23038-004,Qty:3) (23038-004,Qty:6), Improper Source
Output (23038-004,Oty:l), Fluctuates (23038-006,Qty:2)

Incorrect Voltage 3.04 Incorrect Voltage (23038-004,Qty:l) (23038-004,Qty:6)
(23038-006,Qty:14)

Out of Spec. 2.1& Out of Specification (20609-000,Qty:20)

Fails to Start 2.4% Catastrophic-Fa4 1s To Start (18175-000,12.0%)
(18175-000,12.0%)

Bearing Failure 2.3% Bearing Failure (23038-004,Qty:l) (23038-006,Qty:18)

Spurious/False Operation 2.3% False Response (20609-000,Qty:17)

Worn 1.3% Worn Excessively (23038-004,Qty:7)

Out of Adjustment 1.1% Alignment Improper (23038-004,Qty:l), Out of Adjustment
(20609-000, Qty: 7)

Displaced 0.8% Displaced (20609-000,Qty:6)

Binding/Sticking 0.8% Bind/Size/Friction (23038-004,Qty:l), Sticky
(23038-006,Qty:5)

Broken 0.8% Broken (23038-004,Qty:1) (23038-004,Qty:3)

Cracked/Fractured 0.5% Cracked/Fractured (20609-000,Qty:4)

Arcing/Sparking 0.5% Arcing (20609-000,Qty:l) (23038-004,Qty:2)

Noisy 0.4% Noisy (20609-000,Qty:3)

Excessive Vibration 0.4% Excessive Vibration (23038-004,Qty¥2)

Leaking 0.4% Leaking Liquid (23C38-004,Qty:2)
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FMD-91 Failure Distribution Summaries 3-87
Part Vai lure Norm Fail Data
Deac. Mode/Mach Dist. Dist. Source(s)/Details

Generator,AC (continued)
Other (continued)

Unstable Operation 0.3% Unstable (20609-000,Qty:2)

Collapsed 0.3% Collapsed (20609-000,Qty:2)

Scored 0.2% Scored (23038-004,Qty:l)

Contaminated 0.2% Dirty Armature (23038-004,Qty:l)

Limit Unadjuctable 0.2% Unable to Adjust Lim (23038-004,Qty:l)

Incorrect Current 0.2% Incorrect Current (23038-004,Qty:l)

Insulation Failure 0.2% Insulation Breakdown (23038-004,Qty:l)

Overheated 0.1% Overheated (20609-000,Qty:l)

Generator, DC Soirces:4

No Operation 23.9% 11.1% No Operation (20609-000,Qty:4)

Shorted 22.5% 10.4% Short (24992-000,41.7%)

Drift 22.5% 10.4% Drift (24992-000,41.7%)

Out of Adjustment 12.0% 5.6% Out of Adjustment (20609-000,Qt.y:2)

Fails to Run,After Start 10.2% 4.8% Catastrophic-Fails Once Started (18175-000,19.0%)

Opened 8.9% 4.2% Open (24992-000,16.6%)

Unknown 26.7% Unknown (18175-000,64.0%) (23038-005,Qty:3)

Other (<%6) 26.9%

Seal/Gasket Failure 3.6% Blown Seal/Gasket (23038-005,Qty:1)

Loss of Control 3.6% Control Inoperative (23038-005,Qty:l)

Broken 3.6% Broken (23038-005,Qty:l)

Brush Failure 3.6% Brush Failure/Worn E (23038-005,Qty:l)

Out of Spec. 2.8% Out of Specification (20609-000,Qty:l)

Intermittent Operation 2.8% Intermittent (20609-000,Qty.l)

Spurious/False Operation 2.8% False Response (20609-000,Qtyl)

Fails to Start 2.8% Catastrophic-Fails To Start (18175-000,11.0%)

Degraded Operation 1.5% Degraded (18175-000,6.0%)

Generator,Motor Sources:l

Loss of Lubrication 41.9% 26.0% Loss of Lubrication (20609-000,Qty:13)

Opened 19.4% 12.0% Opened (20609-000,Qcy:6)

Shorted 19.4% 12.0% Short (20609-000,Qty:6)

Worn .2.9% 9.0% Worn Out (20609-000,Qty:4)

No Movement 6.5% 4.0% No Movement (20609-000,oty:2)

Unknown ------- 38.0% Unknown (20609-000,Qty:19)
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3-88 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deac. Mode/Mach Dist. Dist. Source(s)/Detai1s

Generator,Tubtne Sources:l
Leaking 63.2% 63.2% Leaking (20609-000,Qty:12)

Displaced 15.8% 15.8% Displaced (20609-000,Qty:3)

Corroded 5.3% 5.3% Corroded (20609-000,oty;l)

Cracked/Fractured 5.3% 5.3% Cracked/Fractured (20609-000,oty:l)

No Operation 5.3% 5.3% No Operation (20609-000,Qty:l)

Out of Spec. 5.3% 5.3% Out of Specification (20609-000,Qty:l)

Generator, Turbine (Summary)
Fails to Run,After Start 61.0%
Fails to Start 22.2%
Degraded Operation 16.8%

Generator,Turbine,Gas,AC Sources:1
Fails to Run,After Start 66,2% 43.0% Catastrophic-Fails Once Started (18175-000,43.0%)

(18175-000,43.0%)
Fails to Start 17.7% 11.5% Catastrophic-rails To Start (18175-000,11.0%)

(18175-000,12.0%)

Degraded Operation 16.2% 10.5% Degraded (18175-000,10.0%) (18175-000,11.0%)

Unknown 35.0% Unknown (18175-000,35.0%) (18175-000,35.0%)

Generator, Turbine, Steam, AC Sources:1
Fails to Run,After Start 50.4% 16.0% Catastrophic-Fails Once Started (18175-000,16.0%)

(18175-000,16.0%)

Fails to Start 31.5% 10.0% Catastrophic-Fails To Start (18175-000,10.0%)
(18175-000,10.0%)

Degraded Operation 18.1% 5.8% Degraded (18175-000,5.5%) (18175-000,6.0%)

Unknown 68.3% Unknown (18175-000,68.0%) (18175-000,68.5%)

Gun (Summary)
Broken 40.0%
Worn 29.6%
Leaking 13.9%
Bent/Dented/Warped 8.7%
Out of Adjustment 7.8%
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FMD-91 Failure Distribution Summaries 3-89
Part Fa i , u Ie r, I. a , ta
f)sv . Mo ,/!k, I h / I It. ) Sourc,, (j) /Det-ai Is

l;ui,(i ul nim r Al Rot Sour.:eos: .

l~ ,k c 1 11 .4% 38.5% . b .ken/lamaqed (2b5 0l-000,Qty:l) (2.101-000,,,ty:I), , lo~ a
Desiqn - 3roken/L'amaqed (25101-000,Q(y':)

'amp Eailure 2).4% 11.5% Inop Fire Control Light (25101-000,QLy:3)

Ctacked/Fract.ured 1.i% 3.8% Poor Design - Cracked (25101-000,Oty:l)

Unknown - 23.1% Unknown (25101-000,Qty.6)

induced - 23.1% item Abuse/Neglect - Broken/Damaged (25101-000,Qt.y:6)

Gun,Firing,Carriage Mechanism Sources:1
Worn 71.4% 63.8% Worn Out (25101-000,Qty:l) (2 5 101-000,Qty: 2 )

(25101-000,Qty:24), Worn - Found In Ti/PMCS/!NS11
(25101-000,Qt.y:1), Poorl Design - Worn Out (25]01 010,.ty:

2
)

Broken 9.5% 8.5% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:3)

Bushing Failure 4.8% 4.3% Worn Bushing - Excessive Play (25101-000,Qty:1), Worn

Bushing - Worn Out (25101-000,Qty:l)

Out of Adjustment 4.8% 4.3% Out Of Adjustment (25101-000,Qty:2)

Loose 4.8% 4.3% Loose (25101-000,Qt.y:l), Out Of Adjustment - Loose
(25101-000,Qty: 1)

Corroded 2.4% 2.1% Corroded-Broken/Damaged (25101-000,Qty:l)

Excessive Play 2.4% 2.1% Excessive Play (25101-000,Qty:l)

Induced 6.4% Improper Maintenance - Misfire (25101-000,Qty:l), Abnormal
Operation (25101-000,Qty:l), Improper Installation -
Broken/Damaged (25101-000,Qty:I)

Unknown 4.3% Unknown (25101-000,Qty:l) (25101-000,Qty:l)

Gun,Firing,Platform Assembly Sources:l
Induced 84.6% Safety Wire/Key Fail - Missing (25101-000,Qty:6), Vibration

- Missing (25 101-000,Qty: 4 ), Wrong Part - PIP/ECP/MWO
Install (25101-000,Qty:1)

Unknown 15.4% Unknown (25101-000,Qty:2)

Gun,Might Aim Post Sources:l

Worn 50.0% 40.0% Worn - Inop/lUnserviceable (25101-000,Qty:2)

Bent/Dented/Warped 25.0% 20.0% Collapsed/Bent (25101-000,Qty:l)

Broken 25.0% 20.0% Broken/Damaged (25101-000,Qty:l)

Induced 20.0% Fell Off Or Lost - Missing (25101-000,Qty:l)
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3-90 Failure Distribution Summaries _____________FMD-91

Part Failure Norm Fail Data

Dose. Mode/Mech Dist, Dist. Source(s)/Details

Gun,Post~ Aiming Sources :1
Broken 83.3% 58.8% Part Struck/Damaged - Inop/Unserviceable (25101-OCO,Qty.3),

Part Struck/Damaged - B3roken/Damaged (25101-OOD,Qty:-6), Fell
Off Or Lost - Broken/Damaged (25101-000,oty:l)

Bent/Dented/Warped 16.7% 11.8% Collapsed/Bent C25101-000,Oty.2)

Induced ---- 23.5% Improper Installation - Inop/Unserviceable
(25101-000,oty:2), Improper Installation - Broken/Damaged
(25101-000, Qty: 2%

Unknown --- 5.9% Unknown (.25l01-O00,Qty~l)

Gun, Quadrant Sources :1
Out of Adjustmenit 35.0% 16.7% No failure - Out Of Adjustment (251.D1-0O0,Qty:l), Out Of

Adjustment - Inaccurate (25101-000,Qty:l), Out of Adjustment
(251D1-O00,Qty:l) (25101-000,Qty:l) (25101-000,Qty:l),
Internal Failure - Out Of Adjustment (25101-OD0,Oty:-2)

Out of Synch. 25.0% 11.9% Out Of Synch (25101-O00,oty:5)

Broken 15.0% 7.1% Part Struck/Damaged - Broken/Damaged (25101-000,Qty:l),
Broken/Damaged (25101-000,Oty:2)

Seal/Gasket Failure 10.0% 4.8% Seals Worn - Internal Moisture (25101-OD0,Qty:2)

Cracked/Fractured 5.0% 2.4% Cracked (25101-000,Qty:l)

Excessive Play 5.0% 2.4% internal Failure - Excessive Play (25101-000,Qty~l)

Binding/Sticking 5.0% 2.4% internal Failure - Binding/Sticking C25101-000,oty:l)

Induced--------------------31.0% Wrong Part (25101-000,Qty:l), Internal Failure - Inaccurate
(25101-000,Qty:l), Lack Of Maintenance - Internal Moisture
(25101-000,Qty:lO), Overtorqried - Loose (25101-000,Qty:l)

Unknown--------------------21.4% Unknown (25101-000,Qty:1) (2510l-O0OQty:l)
(25101-000,Qty:l) (25101-O0O,Qty:6)

Gun, Recoil, Mechanism Sources :1
Leaking 50.0% 20.3% Leaking Hydraulic Oil (25101-000,Qty:l), Internal Failure-

Leaking Hydraulic Oil (25101-000,Qty:14), Internal Failure-
Leaking Nitrogen (25101-000,Qty:l)

Contaminated 18.8% 7.6% Contaminated Fluid - Slams Into Battery (25101-000,Qty:5),
Internal Failure - Contaminated (25101-000,oty:l)

Broken 9.4 3.8% Broken/Damaged (25101-O00,Qty:3)

Seal/Gasket Failure 9.4%; 3.80 Seals Worn - Slams Into Battery (25101-O00,Qty:l), Seals
Worn - Leaking Hydraulic Oil (25101-000,Qty:l), Seals Worn
Low Nitrogen Press (25101-0OO,Qty.-I)

Cracked/Fractured 6.3% 2.5% Cracked/Split-Cracked (25101-000,Qty:l), Cracked
(25101-000, Oty: 1)

Degraded output 3.1% 1.3% internal Failure - Abnormal Operation (25101-000,Qty.*l)

Seized 3.1% 1.3% Looked (25101-uOO,Qty:l)

Induced ---- 55.7% Improper Maintenance - Contaminated (25101-000,Qty:l),
Improper Maintenance - Corroded (25101-000,Qty:l)
(251O1-OOO,Qtyi2), Improper Adjustment - Broken/Damaged
(25101-000,oty:l), Improper Installation - Broken/Damaged
(25101-000,gty:l), Itam Abuse/N4eglect - Broken/Damaged

R016ablity Analyss Center (RAC) e 201 NU St., Rome, NY 13440 e 315-337-090



FMD-91 Failure Distribution Summaries 3-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. DJst. Source(s)/Details

Gun, Aecoil, Machanism (continued)
Induced (continued)

(25101-000,Qty:4), Slams Into Battery (25101-000,0ty:1),
Improper Maintenance - Slams Into Battery (25101-000,Oty:l)
(25101-000,oty:14), Improper Maintenance - Out Of AdjLstment
(25101-000,Qty:2), Improper Maintonarco - Froken/Damaged
(25101-000,Qty.l), Intrnal Failure - Slams Tnt.o ,lit'ery
(25101-000,Qty:14), Low Nitroqen Press - Slams Into llat.ttry
(25101-000,Qty:l)

Unknown 3.8% Unknown (25101-000,oty:3)

Gun,Recoil,Mechanism, Variable Sources:1
Brokon 55.6% 53.6% Broken/Damaged (25101-000,Qty:3) (25101-000,Qty:12)

Bent/Dented/Warped 25.9% 25.0% Collapsed/Bent (25101-000,oty:l) (25101-000,Qty:5), Part
Struck/Damaged - Collapsed/Bent (25101-000,Qty:l)

Worn 7.4% 1.1% Worn Out (25101-000,Qty:l), Worn - Abnormal Operation
(25101-000,Qty:l)

Binding/Sticking 3.7% 3.6% Binding/Sticking (25101-000,Qty:l)

No Operation 3.7% 3.6% Inop/Sluggish Breech (25101-000,oty:l)

Excessive Vibration 3.7% 3.6% Vibration - Abnormal Operation (25101-000,Qty:l)

Induced 3.6% Improper Adjustment - Collapsed/Bent (25101-000,Qty:l)

Gyros Sources :1
Fails to Start 100.0% 100.0% Failure to Spin Up-Faulty Polyimide Ball Retainers

(10722-000, Qty:2)

Gyros,End Housing Sources:1
Cracked/Fractured 40.0% 40.0% Fractured Magnet Wire At Fl Solder Pad-Mech.Stress

(10722-000,Oty:l). Fractured Magnet Wire-Mechanical Stress
(10722-000, Qty l)

Opened 20.0% 20.0% Open Magnet Wire-Mechanical Overstress (10722-000,Qty:l)

Winding Failure 20.0% 20.0% Open in F3 Winding (10722-000,Qty:l)

Shorted 20.0% 20.0% Microsyn Winding Shorted to Pole 10/Case (1l722-000,Qty:l)

Gyroscope Sources :2
Drift 40.5% 30.2% Drift (20609-000,oty:55) (24992-000,58.S%)

Out of Spec. 23.3% 17.4% Out of Tolerance (20609-000,Qty:l,173), Out of
Specification (20609-000,Qty:3)

Opened 19.7% 14.7% Open (24992-000,29.4%)

Shorted 7.9% 5.9%'Short (20609-000,Qty:l) (24992-000, 11.8%)

Binding/Sticking 3.6% 2.7% Sticking (20609-000,Qty:156), Binding (20609-000,Qty:27)

Burned/Charred 3.3% 2.4% Burned (20609-000,oty:164)

Spurious/False Operation 1.7% 1.3% Erratic (20609-000,Qty:86)
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3-92 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Daec. Mode/Mecb Dist. DiDL. Source(s)/Details

Gyroscope (cont inued)

Unknown - 25.1% Unknown (20609-000,Qty:1,690)

Other (<%2) - 0.3%
Unstable Operation 0.3% Unstable (20609-000,Qty:l1)

Handle Sources:1
Broken 100,0% 63.61 Broken/Damaged (25101-000,oty:l) (25101-000,Qtl,:6)

(25101-000,Qty:7)

Induced ------- 36.4% Missing (25101-000,Qty:l) (25101-000,Qty:l), Fell Off or
Lost - Missing (25101-000,Qty:l), Item Abuse/Neglect
Broken/Damaged (25101-000, oty:5)

Handle Locking Assy Sources:l
Broken 50.0% 50.0% Broken/Damaged (25101-000,Qty:2) (25101-000,Qty:2)

Bent/Dented/Warped 25.0% 25.0% Collapsed/Bent (25101-000,Qty:2)

Cracked/Fractured 25.0% 25.0% Cracked Weld-Broken/Damaged (2510.-000,Qty:2)

Handle,Brake Lever Sources:l
Bent/Dented/Warped 50.0% 50.0% Collapsed/Bent (25101-000,Qty:l)

Broken 50.0% 50.0% Eroken/Damaged (25101-000,Qty:l)

Handle, Latch Sources:l
Broken 100.0% 100.0% Broken/Damaged (25101-000,oty:l) (25101-000,Qty:l)

(25101-000, Qty:l)

Handwheel Assembly Sources:l
Bent/Dented/Warped 25.0% 18.2% Collapsed/Bent (25101-000,oty:2)

Loose 25.0% 18.2% Worn - Loose (25101-000,Qty:l), Excessive Play
(25101-000,Qty:l)

Broken 25.0% 18.2% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:l)

Binding/Sticking 12.5% 9.1% Binding/Sticking (25101-000,Qty:l)

No Operation 12.5% 9.1% Inop Man Traverse (25101-000,Qty:1)

Unknown 18.2% Unknown (25101-000,Quy:l) (25101-000,Qty:l)

Induced 9.1% Lack Of Maintenance - Inop/Unserviceable (25101-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-93
Part Failure Norm Fall Dat.a
Deoc. Mode/Mach Dist. Dist. Source(s)/Details

Harness,Flexable Wiring Sources:l
Shorted 100.0% 100.0% Shorted Pins-Foreign Particle Embedded Between Pil

(25027-000,Qty:l)

Harness, Interconnect Rotary Sources:1
Intormittent Operation 100.0% 100.0% Intermittent Failure-Crimp Damaged (10722-000,Qty:l)

Heat Exchanger (Summary)
Leaking 77.8%
Out of Adjustment 6.5%
Needs Replacement 6.4%
Cracked/Fractured 4.7%
Clogged/Clogging 3.2%
Out of Spec. 1.5%

Heat Exchangers Sources:4
Leaking 79.4% 61.8% Internal Leak (24992-000,47.5%), External Leak

(24992-000,42.5%), Leaking (20609-000,Qty:145), Tube Leaks
(24996-000,80.0%)

Out of Adjustment 6.5% 5.1% Needs Adjustment (19542-000,20.0%), Out of Adjustment
(20609-000,Qty:1)

Needs Replacement 6.3% 5.0% Needs Replacement (19542-000,20.0%)

Cracked/Fractured 4.4% 3.5% Fracture - Burst (24992-000,6.0%), Cracked/Fractured
(20609-000,Qty:20), Fatigue Cracks From Vibration
(24996-000, NR)

Clogged/Clogging 3.3% 2.6% Clogged (24992-000,4.0%), Improper Flow (20609-000,Qty:16),
Restricted Flow From Debris in Tubes (24996-000,NR)

Out of Spec. 1.1% 0.9% Out of Specification (20609-000,Qty:9)

Unknown 14.4% Unknown (19542-000,40.0%) (20609-.000,Qty:45)

Induced 5.0% Not Properly Fabricated By Vendor (19542-000,20.0%)

Other (%2) 1.8%
Broken 0.8% Broken (20609-000,Qty:8)

Scored 0.4% Scored (20609-000,Qty:4)

Breach 0.2% Breach (20609-000,Qty:2)

Overheated 0.2% Overheated (20609-000,Qty:2)

Intermittent Operation <0.1% Intermittent (20609-000,Qty:l)

Unstable Operation <0.1% Unstable (20609-000,Qty:l)

Corroded NR Corrosion (24996-000,NR)

Reliability Analysis Center (RAC) • 201 Mill St., Romne, NY 13440 * 315-337-0900

[A



3-94 Failure Distribution Summaries FMD-91
Part. Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Heat Exchangers,Elect. Heater,Resistive Sources:l
Cracked/Fractured 30.8% 30.8% Cracked/Fractured (20609-000,Qty:4)

Out of Spec. 30.8% 30.8% Out of Specification (20609-000,Qty:4)

No Operation 15.4% 15.4% No Operation (20609-000,Qty:2)

Opened 15.4% 15.4% Opened (20609-0C0,Qty:2)

Shorted 7.7% 7.7% Short (20609-000,Qty:l)

Heat Exchangers,,Radiator Sources:1
Leaking 100.0% 100.0% Leaking (20609-000,Qty:3)

Heater (Summary)
Opened 38.8%
No Operation 23.4%
Shorted 16.1%
Electrical Failure 8.8%
Mechanical Failure 6.2%
Overtemp. Protection Failure 3.4%
Overheated 3.4%

Heater Sources:l
No Operation 47.5% 42.0% Catastrophic-Failed To Heat (18175-000,NR)

(18175-000,57.0%) (18175-000,75.0%)

Overheated 28.1% 24.8% Catastrophic-Overheated (18175-000,5.0%) (18175-000,7.0%)
(18175-000,66.0%)

Degraded Operation 24.5% 21.7% Degraded (18175-000,17.0%) (18115-000,18.0%)
(18175-000, 33.0%)

Unknown 11.5% unknown (18175-000,16.0%) (18175-000,20.0%)

Heater,Air Sources:1
No Operation 85.0% 85.0% Catastrophic-Failed To Heat (18175-000,82.0%)

(18175-000,88.0%)

Overheated 12.5% 12.5% Catastrophic-Overheated (18175-000,7.0%) (18175-000,18.0%)

Degraded Operation 2.5% 2.5% Degraded (18175-000,5.0%)

Heatisr, Electrical Sources :3
Opened 66.7% 53.3% Open Circuit from Overheating (24996-000,80.0%)

(24997-000,80.0%)

Shorted 22.5% 18.0% Short (19542-000,40.0%), Shorts to Ground (24996-000,7.0%)
(24997-000,7.0%)

Overtemp. Protection Failure 5.8% 4.7% Failure of Overtemperattre Protection (24996-000,7.0%)
(24997-000, 7.0%)

Jacket Rupture 5.0% 4.0% Other (Jackets Rupture, etc.) (24996-000,6.0%)
(24997-000, 6.0%)

Unknown 20.0% Unknown (19542-000,60.0%)
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FMD-91 Failure Distribution Summaries 3-95
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Heater,Electrical,Air Unit Sources:1
No Operation 90.0% 90.0% Catastrophic-Failed To Heat (18175-000,90.0%)

Overheated 10.0% 10.0% Catastrophic-Overheated (1.8175-000,10.0%)

Heater, Electrical,Base Board Sources:l
No Operation 76.0% 76.0% Catastrophic-Failed To Heat (18175-000,76.0%)

Overheated 24.0% 24.0% Catastrophic-Overheated (18175-000,24.0%)

Heater,Electrical,Blast Coil Duct Sources:l
No Operation 80.0% 80.0% Catastrophic-Failed To Heat (18175-000,80.0%)

Overheated 20.0% 20.0% Catastrophic-Overheated (18175-000,20.0%)

Heater,Furnace, Gas Sources:l
Electrical Failure 58.6% 58.6% Electrical (24996-000,52.7%)

Mechanical Failure 41.4% 41.4% Mechanical (24996-000,37.3%)

Heater, Immersion Sources:1
No Operation 86.8% 82.5% Catastrophic-Failed To Heat (18175-000,80.0%)

(18175-000,85.0%)

Overheated 10.0% 9.5% Catastrophic-Overheated (18175-000,9.0%) (18175-000,10.0%)

Degraded Operation 3.2% 3.0% Degraded (18175-000,6.0%)

Induced 5.0% Degraded - Erratic Operation (Alternate Heating)
(18175-000,10.0%)

Heater, Immersion, Bottom Clamping Sources:1

No Operation 88.9% 80.0% Catastrophic-Failed To Heat (18175-000,80.0%)

Ovetheated 11.1% 10.0% Catastrophic-Ovorheated (18175-000,10.0%)

Induced ------ 10.0% Degraded - Erratic Operation (18175-000,10.0%)

Heater, Immersion, Circulation Sources:l
No Operation 100.0% 100.0% Catastrophic-Failed To Heat (18175-000,89.0%)

(18175-000,90.0%)
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3-96 Failute Distribution Summarie; FMJD:-91
Part. ,", I i ,II Norm 1T )Fa i i i a

h'2r2. IAo /Mn ck 1)s't . i s t. So trce(s) S )el-1 ] 1

f foate r, IrnnrrKý rs Ion, IF1 anrvJ(i 'y Sou res
No Opefat Lon 100.0% ]G0. ,1% cat.stOr 'l c.--I.l "t d T o o (I f--, i., How 1:ýý

Heater, inmes rson, Screw P 1 ig Soo rces :1
No Operat, or 95 .0% 95.0% 'atas roph ic-Fa i led I'o lea (18' 15--d0P., 85.0%)

Overheated 5.0% 5.0% Catast roph i c-Overheated ( 19 /5-00 ,5.t)

Heater, Immersion, Tubular Sources : 1
No Operation 80.0% 8j.0% Catastrophic-Paitled To Heat (181 5-000,80.0%)

Overheated 10.0% 10.0% Catastrophic-Overheated (.81?to-00,l10.0%)

Degraded Operation 10.0% 10.0% Degraded (18175-000,10.0%)

Heater,Pipc (Heat Tracer) Sources:l
No Operation 61.6% 40.7% Catastrophic-Failed To Heat (18175-000,51.0%)

(18175-000, 9o.0%)

Out of Spec. 36.3% 28.7% Degraded - Out of Limits (18175-000,86.0%)

Degraded Operation 2.1% 1.7% Degraded (18175-000,5.0%)

Induced 18.3% Degraded - Erratic Operation (181.75-000,49.0%), Degraded -

Other (18175-000, 6.0%)

Unýlnown 2.7% Unknown (18175-000,8.0%)

Horn (Summary)
Failed Off 50.0%
Degraded Operation 27.5%
Fails to Op. on Demand 12.5%
Spurious/False Operation 10.0%

Horn,Annunciator Module Sources:1

Degraded Operation 55.0% 55.0% Degraded (18175-00U,5%.O%)

Fails to Op. on Demand 25.0% 25.0% Catastrophic-Fails To Operate On Demand (18175-000,25.0%)

Spurious/False Operation 20.0% 20.0% Catastrophic-Operates Spurious Or False Response
(18175-000, 20.0%)

Horn, Electrormechanical Sources :1
Failed Off 100.0% 100.0% Failed Off (24991-000,100.0%)

Other ....... 0.0%
Failed On NR Failed On (24991-000,NR)
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FMD-91 Failure Distribution Summaries 3-97
1Pirt. 1t 1lurE Norm Fail Data

, )od.lM 'h 1) i . D t , Source (s) /Dl&r a i Is

ifurri, Klect. ru, iv (P • Sources '1

Fai Ld COff 100.0% 100.0% Failed Off (24991-000,100.0%)

Other - 0.0%
Fal led On NR Failed On (24991-000,NR)

Hose Sources :2

Broken 76.6% 41.2% Broken (20609-000,Qty:113)

Worn 13.3% 7.1% Worn Out (19542-000,14.3%)
Cracked/Fractured 6.8% 3.6% Cracked/Fractured (20609-000,Qty:10)

Leaking 3.4% 1.8% Leaking (20609-000,Qty:5)

Induced 35.7% Defective (19542-000,28.6%), Hose Has Cracks Due To Antenna
Movement (19542-000,42.9%)

Unknown 10.4% Unknown (19542-000,14.3%) (20609-000,Qty:9)

IHose Assembly Sources:l
Aged/Deteriorated 100.0% 100.0% Deteriorated/Aged - Cracked (25101-000,Qty:2)

Hose Assembly,Rubber Sources:1

Aged/Deteriorated 89.5% 85.0% Material Deterioration (24993-000,85.0%)

Mechanical Failure 10.5% 10.0% End Firting Mecýanical Failure (24993-000,O0.0%)

Unknown 5.0% Unknown (24993-000,5.0%)

Housing Sources:1
Broken 33.3% 20.0% Broken/Damaged (25101-000,ty:l), Part Struck/Damaged-

Broken/Damaged (25101-000,Qty:I)

Cracked/Fractured 33.3% 20.0% Part Struck/Damaged - Cracked (25101-000,Oty:l),
Cracked/Split-Inop/Unserviceable (25101-000,Qty: 1)

Aged/Deteriorated 16.7% 10.0% Deteriorated/Aged - Cracked (25101-000,Qty:l)

Bent/Dented/Warped 16.7% 10.0% Warped/Bent - Binding/Sticking (25101-000,Qty:1l

Induced ------ 40.0% Imprope" Install - Broken/Damaged (25101-000,Qty:l), Lack
Of Lubrication - FM (25101-000,Qty:l), Caused By Other
Failure-Broken/Damaged (25101-000,Qty:l), Caused By Other
Failure-Cul/Scarred (25101-000,Qty:1)
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3-98 Failure Distribution Summaries FM D-91
Part Failure Norm Fail Data
Desc. Modo/Mech Dist. Dist. Source(s)/DetaAIs

Housing Assembly Sourcessi
Loose 50.0% 50.0% Internal Failure - Loose (25101-000,Qtyil), Worn - rose

(25101-000,Qty:-)

Binding/Stickir.g 25.0% 25.0% Bindinq/Sticking (25101-000,Oty:l)

Aged/Deteriorated 25.0% 25.0% Deteriorated/Aged - Leaking Nitrogen (25101-000,Qty:l)

Housing Assembly, Front Sources:l

No Operation 40.0% 40.0% Internal Faii.jre - Inop Man Traverse (25101-000,Qty:2)

Leaking 20.0% 20.0% No Failure - Leaking Fluid (25101-000,Qry:l)

Binding/Sticking 20.0% 20.0% No Failure - Bind ing/Sticking (25101-000,Oty:l)

Degraded Output 20.0% 20.0% Internal Failure - Abnormal Operation (25101-000,Qty:l)

Housing Assembly, Lower Elev Gear Sources:l
Seal/Gasket Failure 14.3% 10.0% Seals Worn - Leaking Fluid (25101-000,Qty:i)

Loose 14.3% 10.0% Vibration - Loose (25101-000,Qty:l)

Excessive Play 14.3% 1.0.0% Worn - Excessive Play (25101-000,oty:l)

Bearing Failure 14.3% 10.0% Bearing Failure-mnop Man Elevation (25101-000,Qty:l)

Worn 14.3% 13.0% Worn/Stripped - Noisy (25101-000,Qty:l)

Cracked/Fractured 14.3% 10l.0% Part Struck/Damaged - Cracked (25101-000,Qty:l)

Bent/Dented/Warped 14.3% 10.0% Collapsed/Bent (25101-000,Qty:l)

Induced ...... 30.0% Item Abuse/Neglect - Cracked (25101-000,Qty:l), Item
Abuse/Neglect - Broken/Demaged (25101-000,Qty:l), Operator
Errur - Broken/Damaged (26101-000,Qty:l)

Housing Assembly, Support Sources:1.
Corroded 100.0% 50.0% Corroded-Excessive Play (25101-000,Qty:l)

Induced ------ 50.0% Lack Of Maintenance - Loose (25101-000,Qty:l)

Housing, Detent Sources:l
Worn 60.0% 60.0% Worn Out (2510!-000,Qty:l), Worn - Found In TI/PMCS/Insp

(25101-000,Qty:l), Worn - Out Of Adjustment
(25101-000, oty:l)

Broken 20.0% 20.0% Part Struck/Damaged - Broken/Damaged (25101-000,Qty:l)

Cracked/Fractured 20.0% 20.0% Cracked/Split-Mirfire (25101-000,oty:l)
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FMD-91 Failure Distribution Summaries 3-99
Part Fa 11ue Norm [a 1 ' Data
Deoc. Mode/Mnch DiaL. Dist. Soutce(ui/DeLdils

Housing, End Sourees :1

Shortod 44.4% 44.4% tntrowindinq Short at Pole 4-Mechnilcal Overstrous
(10722-000,Oty:1), Winding To Case ShorL-MechaniCal
Ovurstress (10/22-O00,Qty:l), Short Between The Wheoi Power
And HIousing (10722-000.Qty:l), Suspension Wiuding Shorted To
Pule-Damaged Pary'en (10722-000,Oty:i)

Opered 33.3% 33.3% Fl Winding Open-Inadequate Stress Relief (10722-000,oty:.),
Open-Mechanical Overatress (10722-000,Qty:2'

Cracked./Fractured 22.2% 22.2% Fractured/Open Magnet Wires (10722-000,Qty:l), Fractured
Magnet Wire-Thermal/Vibration Fatigue (10722-000,oty:l)

Housing,Gear Sources:1
Bindfil/Sticking 37.5% 18.8% Binding/Sticking (25101-000,Qty:l), Internal Failure -

Binding/Sticking (251 0 1-000,Oty:l) (25101-000,oty:2), Worn -

Binding/Sticking (25101-000,Oty:l), No Failure -
Binding/Sticking 125101-000,Qty:l)

Out cf Adjustnmant 18.8% 9.4% Out Of Adjustment (25101-000,Qty:1), Internal Failure - Out
Of Adjustment (25101-000,Qty:l) (25101-000,Qty:l)

Cracked/Fractured 18.8% 9.4% Cracked (25101-000,Oty:l) (25101-000,Oty:2)

Broken 12.5% 6.3% Broken/Separated - Inop Man Elevatior (25101-000,Qty:l),
Broken/Damaged (25101-000,Qty:l)

Leaýing 12.5% 6.3% Leaking Fluid (25101-000,Qty:l), No Failure - Ieaking Fluid
(25101-000,Qty:l)

Unknown 18.81 Unknown (25101-000,Qty:2) (25101-000,Qty:4)

Induced 12.5ý Improper Installation (25101-000,Qty:2), Item Abuse/Neglect
-. Broken/Damaged (25101-000,oty:l), Lack Of Lubrication -
Binding/Sticking (25101-000,Qty:l)

Other (<%6) ------ 18.8%

Stripped 3.1% Strippcd Gear/Spline (25101-000,Qty:l)

Loose 3.1% Internal Failure - Loose (25101-000,Qty:l)

Worn 3.1% Worn/Stripped - Stcipped Gear/Spline (25101-000,Oty:l)

Degraded Output 3.1% Internal Failure - Abnormal Operation (25101-000,Qty:l)

Skipping 3.1% Internal Failure - Skips. (25101-000,Qty:l)

Noisy 3.1% No Failure - Noisy (25101-000,Qty:l)

Housing, Machined Sources:1

Broken 66.7% 57.1% Broken/Damaged (25101-000,Qty:4)

Cracked/Fractured 16.7% 14.3% Cracked (25101-000,Qty:l)

Binding/Sticking 16.7% 14.3% Cut-Binding/sticking (25101-000,Qty:l)

Unknowrn - 4.3% Unknown (25101-000,Qty:l)
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3-100 Failure Distribution Summaries ____ ________ FMD-91
PACL Failure Norm Fail Data
Doea. Mode/Mech Dist. Dist. Sourue(s)/Detailu

Hcuairi, Pantel Sourcesil1
Loose 25.0% 20.0% Worn/S..Ap~ped - Loose Scrow(es, (25101-000,Qty:l)

Stripped 25.0% 20.0% Premataure Failure Rebuilt - Stripped (251O1-000,Qtyfki

Binding/Sticking 25.3)% 20.0% Binding/Sticking (2510l-OC0,Oty:1)

hged/Deteriorated 25.0% 20.0% Deteriorated/Aged - Internal Moisture (25101-000,Cjty:l)

Induced 20.0% Improper Installation - Loose Screw(s) (25101-000,Ocy:l)

Hcusing,Rollev Hub Sources:1
Worn 50.0% 50.0% Worn - Leaking Hydraulic Oil. (2510l-000,Qty:l)

Leaking 50.0% 50.0% Poor Bonding - Leaking Fluid (25101-000,oty.,l)

Hub G Brake Assy Sources :1
Bent/Dented/Warped 100.0% 50.0'k Warped/Bent - 13roken/Damaged (251O1-000,Qty:l)

Induced ---- 50.0% Improper Installation - Broken/Damayed (25101-000,0ty:l)

Hybrid Sources :2
opened 46.0% 37.5% Chip Resistors And Capacitors Were Op.en (10722-000,Qty:3),

Open-Internal Bond Pad Corrosion (10722-0OC,Qty:1),
Open-Electromigration (10722-000,Qty:lý, Open-Die
Misapplication (10722-000,Qty-.1)

Degraded Output 17.4% 14.2% Pins 13031 Distorted (25027-OCO,Uty-i), Pins 4, 8, 22, And
27 (25027-000,Qty:l), Slow Response Time (250,27-000,oty:1I),
Pins 4 & 8 Distorted (2502'1-000,Qty:l), Pin 4 Loads Down
(25027-000,Qty,.1), Pin 1 Pulls 15 V Load (2502/-000,Qty.,I),
Pin 1 (Stuck 1-3w) (25D27-000,Qty:l) (25027-000,Qty:1)
(25027-000,Qty.-l) C25027-000,Qty-l), Pin #22 Has Clipped
(2502*1-000,Qty:l), Output Stuck At 300 (25027-000,Qty:l),
Output Stuck At 150 (25027-000,Qty:1), Pmn Distorted Output
(25027-000,Qty:l), Pin 4 (Angle Output) (25027-000,Qty:l),
Pin 1 Stuck High (25O27-OO0,Oty~l) (25027-000,Qty:l)
(25027-000,Qty-l) (25027-000,Qty:l), Pin 1 Stuck Low Impr
(25027.-000,Qty:3.), Pin 4 Open (25027-000,Qty:l), Pin I Stuck

Low (25027-000,Qty:.l) (25027-000,Qty:l) (25027-000,Qty-.l)
(25027-O0fl,Qty:l) (25027-000,Qty:ll, Pin Bad Output
(25027-000,Qty:l.), Pin 1 Transition Ti (25027-000,Qty:l),

Pin 1 (Output Dietor) (25027-000,Qty:l),1Pins 4, 8, 22, & 26
Will (25027-000,Qty:l), Incorrect. U.109 Output
C25027-ODO,Qty:1)., Pin 1 Loads tOown (25027-000,Qty:l), P1
Stuck At +15V C25027-000,oty:l) , Pin 4 Stuck 5V Pin 2
(25027--000,Qty~l), Pins 40 & 41 Outputs (25027-000,Qty:l)
(2502 7 -000,Qty:l) (25027-000, Qty: 1) (25027-000, oty: 1)
(25027-000,Qty:1j, 15 Volt Outputs (25027-000,Qty.-l), !Y'
Output & Pins 40 G (25027-000,Qty-.l)

Shorted 16.61~ 13.5% Short-ESD Overstress (25027-000,Qty:2), Shorting To Pin
49-Fractured At The Substrate Heel (10722-D00,Qty.-l), Pin 6
Shorted To 22 V (25027-000,Qty:1), Shorting-Wire Bond #10
Fractured (10722-000,oty:l)

Broken 8.5% 6.9% Pin 1 Broken (25027-000,Qty:1), Broken Pins @ 20 & 21
(25027-000,Qty:1), Broken RW & Lifted (25027-00d0,Qty:l),
Broken Pin (25027-000,Qty:l) (25027-000,Oty:2)
(25027-000, Oty: 14)

No Output 5.54 4.5% No Output Q Pins 4 C2502-i-000,Qty..), No 0/P P4, 8, 2?, 26
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FMD-91 ____Failure Distribution Summuaries 3-101
Part Failure Norm Fail I ta
Dexc. Mode/M.ýh Dist. Dist. Sour~es(/Details

No Output (continued)
(25027-OOO,0t.y:1) (25027-000,oty.*I) (2502'7-OUO,Qty: 1)
(25027-000,Qty.1) (2502'7-OOO,Oty~l), No Output @ Pins 4, 8
(25027-00O,OtY:1), No Output, Pins 4 & (25027-O00,01ty:l)
(25027-OOO,Vty:l) , Pin 23 & 25 No Out~put (25027-000,Qt~y:.),

No Output Pins 40 (25027-000,Qtyli), No Output
(25027-000,Qty:1), No Sine Wave Output (25027-000,Qty-,1)

improper Output 3.0% 2.81 :mproper O'utput At P )25027..000,Oty:i), Improper Output
(25027-0CO,Qty:1) (25021-000,Qtyil.) (25(027-000,QLY:1)
(25027-000,Oty?1) (25027-0OC',Oty:1I) (25027-COO,Qty:1),
Improper Outputs (25O27-000,Qty:l()

Degraded Operation 2.6k. 2.1% Bad output (25O0?7-000,Qty.1) (25027..OOD,0ty:2)
(2.50.7-00O, Oty: 3)

Unknown ---- 9.C% Unknown (25027-000,Qty:1) (25027--000,Qty:1)
(25021-D0O,Qty:1) (25027-000, Qty:l) (25027-.00D,QLy: 1)
(2 ,5 027-000,Qy:l) ('.5027-000, Oty: 1) (25027-000, Oty: 1)
(2'902'7-000,Qty:l) (2502*7-000,Qty: 1) (25027l-O00, tyý 1)
(25027-O001,Qty:1) (25027--000,Qty. 1) (25027-000,Qty:1)
(25027-000,Qtytl1 (25027-000,oty.1) (25027-OOO,Oty:l)
(250'27-000,Qty:1H (25027-00,0Qty:l) (230 2 7--000,Qty~l)
(2502?-O003, ty: 1) (25027-000, Oty: 1) (25027-000, Oty: 1)
(25027-000,Qty:l) (25027-030, Oty: 1) (25027-000,rOt~y.1)

0.3% Defeutive 12502'1-000,oty-l',

Other (<%3) M.Y,
Output D~iStnLtion 1.7% Distorted Outputs (25027 -000,0",y-1), Distorted output

(25027-000,Qty:li (25027-000,Qty.1), Distorted Output At.
(25027-000,Qty:l) (2502 7-OOO,Cty:1)

Msetallizatirnt 1.0% Maiform-od/Missing Traces ~in Maetalization (25027-C00,Qty:.3)

!3urned/Cnarred -0% Burnt (2S0271-000,Qty:1) (25027-O00.QtY:1) (25027-000,Qty:i)

Low Output 1.0% Low Output At Pins .'2r027-000,Qty:l), Low Ooutput - Pin 4
(25027-U0O,Q)ty:1), Low Output @ Pin P2 C25027-000,Qty:l)

Temperature Sensitive Output 1.0% Temp Sens )3 Hot +160- (25027-000,Qty:1), Temp Sensitive
Output (.25027-000,Qty:1), Temp Sensit'.ve From
(25027-000, Qty± 1)

Wire Bond Failure 0.7% Fused Bond Wires (25027-000,Qty:i) (25027-000,Cjty:1)

Drift 0.3% output Angim Drift (25027-000,Qty:l)

Out of Svec. 0.3% out OF Spec @ Var (25027-000,Ot-y:1)

Clipped Output 0.3% Cl~pped Outputs (25027-000,Qty':1)

High OC Output 0.3% High DC Output (25027-000,Qty:1)

Coange in Resistance 0.3% Resistance Outside (25027--000,Qty:1)

No Operation 0.3%6 Inoperative (25027-000,Qty:l)

Electrical Overstress 0.34 Stres.sed (25027-000,oty:1')
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3-102 Failure Distribution Summaries FMD-91
Part Failure Norm Fall Data
Desc. Mcde/Mech Dist. Dist. Source(s)/Details

Hybrid, Buffer/Amplifier Sources:1
Electrical Overstress 100.0% 100.0% Voltage Transient - Overstress (25021-000,oty:3)

Hybrid,Clock Driver,Dual Sources:l

Mechanical Damage 66.7% 57.1% Mechanically Damaged (10722-000,Qty:8)

Latch Up 16.7% 14.3% Latch Up-Over Vo.ltage Transients (10' 7 22-000,Qty:2)

Wire Failure 8.3% 7.1% Wire Bridging to Die Edge - Lifted (10722-000,Qty:l)

Electrical Overstress 8.3% 7.1% Input of Chip Fused Open-External Overstress
(10722-000, Qty:l)

Induced ------ 14.3% Mosking Defects (10722-000,Qty:2)

Hybrid, Detector, Under Voltage Sources:l
Transoonductancs Amp. Failure 100.0% 100.0% Failed Output Transconductance Amplifier (30722-000,Qty:2)

Hybrid, Driver/Receiver Sources:l
Opened 55.6% 55.6% Open-Overstress (10722-000,Qty:3), Blow Ground

Leads-Overstress (10722-000,Qty:2)

Electrical Overstress 44.4% 44.4% Electrical Overstress (10722-000,Qty:4)

Hybrid, Multiplexer Sources:1
Stack Pointer Failure 100.0% 100.0% Stack Pointer Does Not Increment Properly (10722-000,Qty:1)

Hybrid,Op. Amp. Sources:l
Output Open 75.0% 75.0% Output Open-Open Solder joint -internal (25027-000,Qty:3)

Output Unstable 25.0% 25.0% Output Unstable-Intermittent Solder Connection
(25027-000, oty:l)

Hybrid,Op. Amp.,Power Sources:l
Opened 69.2% 69.2% open Conductors-Cracked substrates (10722-000,Qty:9)

Degraded Performance 15.4% 15.4% Clipping Of Negative Output V 4 1/2 Spec Minimum
(10722-000,Qty:1), Detachment Of The Molytab From The Header
(10722-000, Qty:l)

Cracked/Fractured 7.7% 7.7% Cracked Substrate (10722-O00,Qty:l)

Contaminated 7.7% 7.7% Loose Conductive Particle (10722-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-103
Part Failure Norm Fai I Data
Deac. Mode/Mach Dist . Dist, SOurc(9 (3) /00nLa 111

Hybrid, Oscillator Sources -2
No Output 50.0% 50.0% No Output (RemaLned 1,ow)-rnterrial Wire Break

(10722-000,Oty:3)

Loose 16.7% 16.7% Damaged Die;Components Broken Loose (25027..00,Qty:l)

Intermittent Opevation 16.7% 16.7% Intermittent-Poor Wire Bonds (25027-000,Qty:l)

Shorted 16.7% 16.7% Shorted Internal Coil (25027-000,Qty:l)

Hybrid, Preamp Sourcesil
Cracked Substrate 100.0% 100.0% Cracked Substrate-Mechanical Overatress (10722-000,Qty:2)

Hybrid, Regulator, Switching Sources:l
Shorted 100.0% 100.0% Power Transistor - B-E Short-Electrical Overstress

(25027-000,Oty:l)

Hybrid, Thin Film Circuit Sources:l
Resistor Failure 90.0% 90.0% Internal Resistors Open (25027-000,Qty:5), Internal

Resistors Out of Tolerance (25027-000,Qty:3), Misaligned
Thin Film Resistors (25027-000,Oty:l)

Metallization 10.0% 10.0% Defective Substrate, Metal and Ceramic Voids
(25027-000,Qty:l)

Hybrid, Transceiver, Dual Sources:1
Opened 100.0% 100.0% Open In Substrate V- Circuit Path-Manufact. Defect

(10722-000, Qty:l)

IC Bipolar Sources.:1
Degraded Operation 84.5% 66.1% Degraded (24595-00O,Qty:823) (24995-000,Qty:10,770)

Mechanical Failure 14.0% 10.9% Mechanical Anomaly (24995-000,Qty:343)
(24995-000,Qty:1,576)

Shorted 0.9% 0.7% Short (24995-000,Qty:25) (24995-000,Qty:99)

Opened 0.6% 0.5% Open (24995-000,Qty:14) (24995-000,Qty:73)

Induced 21.8% Functional Anomaly (24995-000,Qty:677)
(24995-000,Qty:3,146)

IC Bipolar, Interface Sources:l

Degraded Operation 58.1% 35.6% Degraded (24995-000,Oty:30) (24995-000,Qty:99)

Die/Attachment Failure 22.1% 13.51 Die (24995-000,Qty:21) (24995-000,Qty:28)

Mechanical Failure 14.4% 8.8% Mechanical Anomaly (24995-000,Qty:10) (24995-000,Qty:22)

Shorted 5.4% 3.3% Short (24995-000,Qty:l) (24995-000,Qty:ll)

Induced 38.7% Functional Anomaly (24995-000,Qty:55) (24995-000,Qty:85)
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3-104 Failure Distribution Surmmaries I01 ).1)
Part. Fai hur: Nor•m ;)at.n i
Desc. Mode/Monch at .D t. .I) sou., on. 04) /Duts. ýAi Ifs

Deqraded OoralaOn V1 /.- 0 28. f.% IOoradud (24 995- )OO ,gi y:1) (-'1900,-ty(), ),:9)

Mechanical [.ai . turo 29.6% 22.9% Mochdnr ica ArsonaI ly (24995-00), ' t y:0) (y'4 k,)-01i

Short~ed 18.5% 14.3% Short (24995-O00,QtVy:2) (24995-00, Qt y: 0)

Opened 14.0% 1.1.4% Open (24995-000,oty:2) (2499n-000,Qt~y:2)

Induced 22.9% Functional Anomaily (2499g-00,',N(,) (24g49b..-00, Qt.y:f1)

IC Bipolar,LSI Sources:1

Corroded 41.5% 40.5% Corrosion (23459-008,Qty:10)

Mobile Ions 26.8% 26.2% Mobile Ions (23459-008,QLy:h) (2345 i•4, i, y:6)

Shorted 14.6% 14.3% Au Wire Short (2 3 4 5 9 - 0 0 8 ,Qty:2) (23459-0044,VLy:I)

Drift 7.3% 7.1% Parameter Drift (23459-008,Oty.1) (23459-008,Qty:2)

Leaking 4.9% 4.8% Leakage (23459-008,Qty:2)

Electrical. Over3tress 4.9% 4.8% EOS (23459-008,Qty:2)

Induced ------ 2.4% Mask Defect (23459-008,Qty:l)

IC Bipolar,1Memory Souraes :1

Degraded Operation 86.2% 69.2% Degraded (24995-000,Qty-8) (24995-000,Qty:405)

Mechanical Failure 7.5% 6.0% Mechanical Anomaly (24995-000,Qty:18) (24995-000,Qty:18)

Shorted 4.0% 3.2% Short (24995-000,Qty:4) (24995-000,Qty:15)

Opened 2.3% 1.8% Open (249)5-000,Qty:1) (24995-000,Qty:10)

Induced 19.E% Functional Anomaly (24995-000,Qty:31) (24995-.000,Qty:87)

IC Bipolar, TTL Sources :1

Bond/Beam Failure 45.0% 38.0% Bonds/Beams (25031-000,37.0%) (25031-000,39.0%)

Electrical Overstress 23.1% 19.5% Overstress (25031-000,4.0%) (25031-000,35.0%)

Metallization 20.1% 17.0% Metallization (25031-000,4.0%) (25031-000,30.0%)

Surface Defects 10.7% 9.0% Surface Defects (25031-000,18.0%)

Oxide Defects 1.2% 1.0% Oxide Defects (25031-000,2.0%)

Unknown 15.5% Unknown (25031-000,9.0%) (25031-000,22.0%)
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FMD-91 Failure Distribution Summaries 3-105
Part Failure Norm Fail Data
Doec. Mode/Moch Dint. Dist. Source(n)/Detaile

IC Bipolar, TTL & UDL Scurcesil
Shorted 60.0% 60.0% Short (24994-000,60.0%)

Opened 40.0% 40.0% Open (24994-000,40.0%)

Other ------ 0.0%
Drift NR DWift (2499cl-000,NB)

IC Bipolar,TTL,,Data Selector/MUX Sources:1
rroken 100.0% 100.0% Broken Leads-High Cyclic Fatigue (25027-000,Qtyt17)

IC Bipolar,VLS! Sources:l
Degraded Operation 68.8% 33.1% Degraded (24995-000,Qtyil) (24995-000,Qty:40)

(24995-000,Qty:87)

Opened 20.4% 9.8% Open (24995-000,NR) (24M95-000,Qty:i4) (24995-000,Qty:24)

Mechanical Failure 7.5% 3.6% Mechanical Anomaly (24995-000,NR) (24995-000,oty.I)
(24995-000, Qty:13)

Shorted 3.2% 1.6% Short (k4995-000,NR) (24995-000,Qty:i) (24995-000,oty:5)

Induced 51.9% Functional Anomaly (24995-000,Qty;3) (24995-000,Qty:40)
(24995-000,Qty:158)

IC Digital (Summary)
Opened 18.8%
Shorted 17.1%
Output Stuck High 16.3%
Contaminated 16.3%
Output Stuck Low 12.7%
Degraded Operation 9.8%
Oxide Defects 9.0%

IC Digital Sources:11
Output Stuck High 22.1% 17.6% High (24990-000,40.0%), Output High (24991-000.56.0%),

Logic 1 (24992-000,45.0%)

Output Stuck Low 21.8% 17.4% Low (24990-000,40.0%), Output Low (24991-000,44.0%), Logic
0 (24992-000,55.0%)

Opened 21.3% 17.0% Open (24993-000,33.0%), Pin 16 Fused Open-Overstress
(10722-000,Qty:l), Open Circuit (24997-000,3.0%), Airbridge
Failure due to Electromigration (25037-000,NR)

Broken 13.1% 10.5% Broken Pin (25027-000,Qty:1) (25027-000,Qty:l)
(25027-000,Qty:i) (25027-000,Qty:l) (25027-000,Qty:2)
(25027-000,Qty:3) (25027-000,Qty:3) (25027-000,Qty:3)
(25027-000,Qty:3) (25027-000,Qty:22) (25027-000,Qty:47)

Shorted 12.2% 9.7% Short Hi (24993-000,33.0%), Short Low (24993-000,33,0%),
Short (24997-000,11.0%)

Degraded Operation 6.0% 4.8% Bad Output (25027-000,Qty:l) (25027-000,Qty:l)
(25027-000,Qty:l) (25027-000,Oty:2) (25027-000,Qty:3)
(25027-000,Qty:9), Electrical Stability (24417-001,NR),
Change in parameters (24997-000,22.0%)

Mechanical Failure 3.6% 2.9% Mechanical Problem (24997-000,23.0%)
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3-106 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Doea. Mode/Moch Dist. DiaL. Source(s)/Detaila

F-Di~iiEI (continued) _____

Induced ---- 6,9% Supplier Test Procedures or Errors (25035-001,3.81),
Supplier Test Procedures (25033-001,4.6%) (25035-001,6.9%)
(25035-001,16.71) (25035-001, 16.7%) (25055-001, 20.0%)
(25035-001,26.7%) (25035-001,27.1%) (25035-001,31 .4%)
(25035-001,34.2%) (25033-0J1,47.34), lu~lk Silicon Defects
(24417-0C1,NR), Functional Anomalies (24997-000.41.0%)

Unknown ---- 07% Unknown (24997-000,NR) (25035-001,2.0%) (25035-001,2.3%)
(25035-001,3.6%) (25035-001, 3.8%) (2503b-001, 3.91)
(25033-001,4 .4%) (25035-001,7.10) (25035-001, 7.5%)
(25035-001,9.1%) (25035-001,9.9%) (25035-001, 10.51)
(25035-001,10.8%) (25035-001,25.0%)

Other (04) ---- 12.5%
'*4o Output 2.5% Los& of Logic (24990-000,20.0%)

Oxide Defects 2.5% Oxide/Diffusion Paults (25035-001,7.7*) (25035-001,15.4t),
Oiftuaicn/Oxide Defects (25035-00' ' 1.8%1) (25035-001, 9.3%)
(25035-001,10.81) (25035-001, 12.81k) (25035-001, 15.8%)
(25035-001,16.41) (25035-001,17.4%) (25035-001,19.8%)
(25035-001,20.0%) (25035-001,22.5%) (25035-001,28.8%)
(25035-001,29.44) (25035-001,29.5%b) (25035-001,31.11)
(25035-001, 46.9%)

Contaminated 2.3% Contamination (25035-001,2.5%) (25035-001,4.4%)
(25035-001,4.7%) (25035-001,7.94) (25035-001,8.7%)
(25035-001, 9.1%) (25035-001,10.9%) (25035-001, 13.5%)
(25035-001, 14.6%) (25035-001, 16.3%) (25035-001, 19.7%)
(25035-001,21.5%) (25035-001,22.7%) (25035-001, 24.11)
(25035-001,25.20) (25035-001,50.0%) (25035-001,61.5%),
Contamination or Corrosion (24417-001,NR)

Wire Bond Failure 2.0% Wiring Bonding (25035-001,1.80) (25035-001,3.00)
(25035-001,3.9%) (25035-001, 11.70) (25035-001, 12.5%)
(25035-001,12.90) (25035-001,13.2%) (25035-001, 13.4%)
(25035-001,13.6%) (25035-001,18.9%) (25035-001,21.11)
(25035-001,23.40) (25035-001,25.04%) (25035-001,33.9%)
(25035-001,58.2%), Wire Bonding Defects (24417-001,NR)

Package/Related Failure 1.0% Package (25035-001,2.0%) (25035-001,2.60) (25035-001,3.0%)
(25035-001, 3.70) (25035-001,3.84) (25035-001,4.6%)
(25035-001,5.5%) (25035-001, 6.10) (25035-001,6.7%)
(25035-00!, 9.1%) (25035-001, 9.7%1) (25035-001, 10.8%)
(25035-001,14.1%) (25035-001,17.60) (25035-001,30.04),
Package Defects (24417-001,NR)

Metallization 0.9% Metalization (25035-001,2.20) (25035-001,2.70)
(25035-001,3.0%) (25035-001,3.10) (25035-001,3.6%)
(25035-001,3.90) (25035-.001, 4.0%) (25035-001,4.6%)
(25035-001,4.7%6) (25035-001, 5.0%) (2503.r-001, 7.9%)
(25035-001.,8.5%4) (25035-001,9.1%) (25035-001, 9.90)
(25035-001, 11.6%) (25035-001,15.4%) (25035-001,27.9%), Die

Metallization Defects (24417-001,NR)

Cracked/Fractured 0.6% Cracked Die (25035-001,1.5%k) (25035-001,1.8%)
(25033-001,1.80) (25035-001,2.0%) (25035-001, 3.30)
(25035-001,6.7%k) (25035-001,18.2%) (25035-001, 44.4t),
Cracked Dice or Substrates (24417-001,NR)

Die/Attachrnsnt Failure 0.6% Die Attachment (25035-001,1.10) (25035-001,1.5%)
(25035-001,1.*8%j) (25035-001,2.24) (25035-001, 2.34)
(25035-001,3.94) (25035-001,4.4%) (25035-001, 4.5%)
(25035-001, 5.0%) (25035-001, 11.2%) (23035-001, 11.3%)
(25035-001,12.5%) (25035-001,15.4%)

Bond/Beam Failure 0.2% Bonding (25M3-001,7.744) (25035-001,23.10)

Lead Defects KR External Lead Defects (24417-001,NR)
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FMD-91 Failure Distribution Summaries 3-107
Part Failure Norm Fail Data
Deso. Mode/Mach Dist. Dist. Source(s)iDetails

IC Digital (continued)
Other (continued)

Seal/Gasket Failure NP Hermetic Seal Detects (24417-001,NR)

Resistor A Capacitor Chip Defects YR Renjitor and Capacitor Chip Defects (24417-001,NR)

Surface Defects NR Silicon Surface Defect. (24417-001,NR)

Thin Film Defects NR Aubs&tato Thin Film Defects (24417-001,NR)

Substrate Bonding Defects NR Substrate Bonding Defects (24417-001,NR)

Transistor Failure NR Internal Field Eftect Transistor Failure (25037-000,NR)

Resistor Failure NR Internal F osistor Failure (25037-000,NR)

Capacitor Failure NR Internal Capacitor FaiWure (25037-000,NR)

Worn Linings NR Internal Inductor Failure (25037-000,NR)

Backqatinq Isolation Effects NR Backgating-Isolation Effects (25037-000,NR)

IC Digital,Array,PAL Sources •1
Degraded Operation 80.0% 66.7% Failed To Operate To Truth Table (10722-000,oty:l), Data

Output At 02 ?in Changed To A Divide By 4 (10722-000,Qty:l),
Erratic (10722-000,Qty:l), Incorrect Output
(i0722-000,Qty:l)

Shorted 20.0% 16.7% Short-Oxide Pin Hole Short iYmtallization to Ground
(10722-000, Qty: 1)

Unknown 16.7% Unknown (10722-000,Qty:l)

IC Diqital,Bipolar Sources:1

Output Stuck Low 28.0% 28.0% Output Stays Low (25015-000,28.0%)

Output Stuck High 28.0% 28.0% Output Stays High (25015-000,28.0%)

Output Open 22.0% 22.0% Output Open (25015-000,22.0%)

Input Open 22.0% 22.0% Input Open (25015-000,22.0%)

IC Digital,Bipolar,Msmory Sources:1
Degraded Operation 79.0% 79.0% Slow (25015-000,79.0%)

Data Bit Loss 21.0% 21.0% Data Bit Loss (25015-000,21.0%)

IC Digital,Buffer,CMOS,Quad Sources'l
Induced ------ 100.0% The True Output And Its Complement At Same Level

(10722-000, Qty 1)
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3-108 Failure Distribution Summaries _________FMD-91

Part Failu:re Norm Fail Data
Doec. Mode/Mach Dipt. Dist. Source(s)/Detail3

IC Digital,CMOS Sources :2
Degraded output 50.0% 25.0% Degraded Output.-ESD Damage (25001-000,01-y:2)

Shorted 50.0% 25.0% Short-ESO Damage (25001-000,oty.*2)

induced ---- 50.0% VDD Leads Melted-SCR Latchup (10722-000,Qty:2)

IC Digital,CMOS,tMsmory Sources:3
Electrical Overstress 24.8% 22.3% Electrical Overstress (23935-000,NR) (23935-000,NR)

(23935-000,2.0%) (23935-000,20.0t), Overstress
(25031-000, 60.0'1)

opened 18.5% 16.7% Open Matal Line (2500l-000,Qty:l)

Output Stuck Low 18.5% 16.7% Data Output at Address E2C(hex) Stuck at '0'
(2500l-000,oty: 1)

Dielectric Breakdown 17.4% 15.6% Dielectric Breakdown (23935-000,NR) (23935-000,NR)
(23935-000, 0.146) (23935-000, 2.0%) (23935-000,50.0%)
(23935-000, 98.0%)

Metallization 13.0% 11.7% Electromigration (23935-000,13.0%), Metal (23935-0U0,f('y:3)
(23935-000,Qty:6) (23935-000,Qty:62), Metallization
(25031-000, 34.0%)

Drift 4.4% 4.0% Parametric Drift (23935-000,NR) (23935-000,NR)
(23935-000, 0.1%) (23935-000,38.0%)

Contaminated 3.4% 3.1% Contamination (23935-000,Qty:5) (23935-OOO,Qty:603)

Unknown--------------------4.4% Unknown :23935-000,NR) (23935-000,NR) (23935-000,Oty:4)
(23935-OOO,Qty:21) (23935-000,Qty:-54) (23935-000,Qty:789)
(23935-000, 19.0%)

Other (0P3)---------------------- 5.7%
oxide Defects 1.7% Oxide (23935-000,oty:7) (23935-000,Qty:274), Oxide Defects

(25031-000, 1.0%k)

Bond/Beam Failure 1.7% Bonds/Beams (25031-000,5.0%)

Package/Related Failuire 1.2% Package Related (23935-000,NR) (23935-000,NR)
(23935-C00, 0.1%) (23935-000,20.0%k) (23935-000,28.0%k),
Package (23935-OOO,Qty:24) (23935-000,Qty:214)

Latch Up 1.11i Latch Up (23935-000,NR) (23935-000,NR) (23935-000,0.1%)
(23 935-000, 10.01k)

Output Stuck High NRl Latch Up (23935-000,NR)

Eloctromigrat ion NRl Electromigrat ion (23935-000, Nf)

IC Digital,cMDS,RAi4 Sources:l
Intermittent Operatio1o 100.0% 100.0% Intermittently Latched Hiogh During Vibration

(10722-000, Oty: 1)
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FMD-91 Failure Distribution Summaries 3-109
Part Failure Norm Fail Data
Devc. Mode/Mach Dist. Dist. Source(s)/Details

IC Digital,CI4OS,SSI/MSI Sources:2
Erroneous Output 42.1% 40.0% Not Addressing Properly-Overstressed - ESD

(10722-000,oty:7), Erratic Or Erroneous Output-ESD Induced
Overstress (10722-OUO,Qty:l)

Opened 35.1% 33.3% Open (2 channels, pins 14 & 15) (25001-000,Qty:l), Open
-Discontinuity in Tungsten Thin Film Trace (25001-000,Qty:l)

Intermittent Operation 17.5% 16.7% Electrically Intermittant-Cracked Ceramic Body
(25001-000,Qty:l)

No Output 5.3% 5.0% No Output-Externally Induced Overstress (10722-000,oty:l)

Induced 5.0% Low Level-Overstress (10722-000,Qty:l)

IC Digital, Converter, A/D Sources:2
Shorted 50.0% 50.0% Short-Insufficient Die Attach (10722-000,Qty:l)

Out of Spec. 50.0% 50.0% Out of Spec (25027-000,Qty:6)

IC Digital,Converter, D/A Sources:1
Erroneous Output 100.0% 100.0% Erroneous Digital Data (10722-000,Qty:l)

IC Digital,FET,Switch Sources:l
Shorted 100.0% 100.0% FET Analog Switch Shorted-Power Reversal (10722-000,Qty:l)

IC Digital,HMOS,Memory Sources:l
Contaminated 78.9% 63.5% Contamination (25032-000,60.0%) (25032-000,67.0%)

Oxide Defects 21.1% 17.0% Oxide Defects (25032-000,11.0%) (25032-000,23.0%)

Induced 19.5% Silicon Defects (25032-000,17.0%) (25032-000,22.0%)

IC Digital,MOS Sources:1

Output Open 35.6% 35.6% Output Open (25015-000,36.0%)

Input Open 35.6% 35.6% Input Open (25015-000,36.0%)

Supply Open 11.9% 11.9% Supply Open (25015-000,12.0%)

Output Stuck Low 8.9% 8.9% Output Low (25015-000,9.0%)

Output Stuck High 7.9% 7.9% Output High (25015-000,8.0%)
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3. 110 Failure Distribution Sunmmaries FMD-91
Part Failure Norm Fail Data
Dear~. Mode/Mach Dist. Dist. Source(s)/Details

IC Digital,MOS,Mamory Sources.3
U..'a Bit Loss 31.8t 26.7% Data Bit Loss (25015--000,80.0%)

Shorted 24.7% 20.7% Short (24994-000,60.0%) (24995-000,Qty:9)
(24995-000,Qty.19) (24995-000,Qty:161)

Opened 21.3% 17.8% open (24994-000,40.0%) (24995-000,oty-7) (24995-000,Oty:-36)
(24995-000,Qty:94), Input Open (25015-000,6.0t), Output Open
(25015-000, 6.0%)

Degraded Operation 16.5% 13.8% Degraded (24995-000,Qty:276) (24995-000,Qty:539)
(24995-000,Oty:2,169), Slow (25015-000,8.0%)

M4echanic~al Failure 5.6% 4.7% Mechanical Anomaly (24995-000,Qty:13) C24995-000,Qty:604)
(24995-000,Qty: 645)

Induced ---- 16.3% Functional Anomaly (24995-000,Qty:298) (24995-000,Oty:310)
(24995-OOO,Qty:3, 750)

Other ---- 0.0%
Drift NR Drift (24994-000,NR)

IC Dicrital.Msmory Sources:1

Oxide Defects 54.7% 52.0% Oxide Defects (25031-000,51.0%) (25031-000,53.0%)

Bond/Beam Failure 17.9% 17.0% Bonds/Beams (25031-000,7.0%k) (25031-000,27.0%k)

Electrical Overstress 13.7% 13.0% Overstress (25C31-000,9.0%) (23031-000,17.0%)

Surface Oefects 12.6% 12.0% Surface Defects (25031-000,24.0%)

Metallization 1.1% 1.0%6 Metallization (25031-000,2.0%)

Unknown ---- 5.0% Unknown (25031-000,1.0%) (25031-000,9.0%)

IC Digital,Msmory,Chip Sources.l

Single Cell 30.01 30.0% Single Cell (24250-037,30.0%)

Column 25.0% 25.0% Column (24250-037,25.00)

Row 25.0% 25.0% Row (24250-037,25.0%)

Full Chip 10.0% 10.0% Full Chip (24250-037,10.0%)

Row & Column 10.0% 10.01k Row & Column (24250-037,10.0%)

IC Digital,Msmory,EAROM Sources:l
Contaminated 62.5% 62.5% Reversable Failure -Internal Contamination

(25027-000, Qty:5)

Output Stuck Low 12.5% 12.5% Address Location Stuck Low (25027-OOO,Qty:1)

Improper Memory Patterns 12.5% 12.5% Improper Memory Patterns (25027-000,Qty:l)

High Leakage Current 12.5% 12.5% High Leakge Current Yee) (25027-000,Qty:1)
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FMD-91 Failure Distribution Summaries 3-111
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

IC DigJtal,Memory,EPROM Sources:2
Opened 78.6% 78.6% Open Circuits (10722-000,Qty:l), Open Vcc/Oround-Static

Didcharge Damage (25029-000,Qty:3), Vpp Open and 4 Open
Address Lines-ESD Damage (25029-000,Qty:l)

Degraded Output 21.4% 21.4% Degraded Performance Parameters-ESD Damage
(25029-000,Oty:3)

IC Digital, Memory,HCMCS Sources:l
Drift 42.9% 42.9% Parameter Drift (23459-008,Qty:9)

Leaking 19.0% 19.0% Leakage (23459-008,Oty:2) (23459-008,Qty:2)

Mobile Ions 9.5% 9.5% Mobile Ions (23459-008,oty:2)

Diffusion Failure 9.5% 9.5% Diffusion Failure (23459-008,Oty:2)

Zlectrical Overstress 9.5% 9.5% ESD (23459-008,Qty:2)

Chip Out 4.8% 4.8% Chip Out (23459-008,Qty:l)

Contaminated 4.8% 4.8% Contamination (23459-008,Qty:l)

IC Digital,Memory,MOS Sources:l

Degraded Operation 45.5% 40.3% Degraded (24995-000,Qty:7) (24995-000,Qty:18)

Shorted 34.5% 30.6% Short (24995-000,NR) (24995-000,oty:19)

Mechanical Failure 10.9% 9.7% Mechanical Anomaly (24995-000,NR) (24995-000,Qty:6)

Opened 9.1% 8.1% Open (24995-000,NR) (24995-000,Qty:5)

Induced 11.3% Functional Anomaly (24995-000,Oty:2) (24995-000,oty:5)

IC Digital,Memory,PROM Sources:1

Degraded Operation 51.7% 31.0% Parameter change (24997-000,31.0%)

Shorted 18.3% 11.0% Short (24997-000,11.0%)

Opened 16.7% 10.0% C'pen Circuit (24997-000,10.0%)

Mechanical Failure 13.3% 8.0% Mechanical defects (24997-000,8.0%)

Induced 40.0% Functional Anomaly (24997-000,40.0%)

:1z Digital,Memory,RAYI Sources:4

No Operation 26.2% 25.0% Would Not Operate at Cold Temperatures (25027-000,Qty:50)

Degraded Operation 17.3% 16.5% Parameter changes (24997-000,69.5%)

Shorted i6.5% 15.7% Short (24994-000,60.0%) (24994-000,60.0%) (24997-000,3.0%)

Opened 13.8% 13.2% Open (24994-000,40.0%) (24994-000,40.0%), Open Circuit
(24997-000,13.5%)

Erroneous Output 13.1% 12.5% Incorrect Data Output (10722-000.0ty:2)

Contaminated 6.5% 6.3% Failed PIND Test-Conductive Particles Found Inside
(10722-000,Qty:l)
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3-112 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Dese. Mode/Mach Dist. Dist. Source(s)/Detail',

IC Digital,Memo~y,RAM (cont~irued)

Broken• 6.5% 6.3% Surface Mount Chips Fractured At Mounting (0 722-000,QLy:l)

Induced --... 4.0t Functional faults (24997-000,17.0%)

othor (<%2) 0.5%
Mechanical Failure 0.5% Mechanical faults (24997-000,2.0%)

Drlft NR Drift (24994-000, Ni• (24994-000, NR)

IC Digltal,Memory,RAM,Static Sources:l
Output Stuck High 50.0% 50.0% Tow Addresses LSB Appeirs Lockd High (10722-000,Qty:l),

Two Pins Locked High-(-orrosio. !10722-000,Qty.l), Locked In
A 1 State-Corroded Open Internal Lead (10722-000,Qty:l)

Errcneous Output 33.3% 33.3% output Bits Would Toggle Frnm O's to l's (IC722-000,Qty:l),
Address Reads Incorrect Data - LSB Appears Locked
(10722-000,Qty:l)

Opened 16.7% 16.7% open Circuit-Corrosion Found Inside (10722-000,Qty:l)

IC Digital,Memory,UVEPROM Sources:l
Open Bit Locations 94.2% 94.2% Open bit locations (unaccessable to read or write)

(25027-000, Oty:65)

Stress Cracking of Die 5.8% 5.8% Memory Would Not Erase-Stress Cracking of Die
(25027-000, Qty:4)

IC Digital,Memory,UVPROM Sources:l
Data Loss 50.0% 50.0% Lose Data With Time (10722-000,Qty:l)

Shorted 50.0% 50.0% Address Lines Shorted-Dendritic Metallic Growth
(10722-000, Qty:l)

IC Digital,Memory,VMOS Sources:l
Contamirated 77.8% 75.0% Ionic Contamination (25033-000,75.0%)

Oxide Defects 20.7% 20.0% oxide (25033-000,2.0.0%)

Diode Fail.re 1.5% 1.4% Diode Leakage (25033-000,1.4%)

Unknown 3.6% Unknown (25033-000,0.2%) (25033-000,1.0%) (25033-000,2.4%)

IC Digital,Memory/LSI Sources:l
Die/Attachment Failure 75.5% 75.5% Die - Metallization (25034-000,54.0%), Die -

Oxide/Dielectric (25034-000,16.0%), Die - Glas3ivation
(25034-000,2.2%), Die - Surface (25034-000,2.2%), Die - Bulk
Aspects (25034-000,0.7%)

Package/Related Failure 14.8% 14.8% Package - Die Attach Bond (25034-000,8.0%), Package - Lead
Frame/External Leads (25034-000,5.2%), Package - Body
(25034-000,1.5%)

Wire Bond Failure 9.7% 9.7% Interconnects - Wirebond (25034-000,6.7%), Interconnects -

Wire (25034-000,3.0%)
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FMD-91 Failure Distribution Summaries 3-113
Part Failure Norm Fail Data
Desc. Mode/Mach Dint. Diet. Source(s)/Details

IC Digital,Microprocessor Sources:2
High Leakage Current 41.7% 41.7% Excessive Current. Draw-Damaged Ground Circuit Mete

(10722-000,Qty:2', Three-State Leakage CutrenL-Electrical
Overstress (10722-000,Oty:3)

Die/Attachment Failure 33.3% 33.3% Pind Failures-Loose Die Attach (10722-000,Cty.4)

Output Stuck Low 16.7% 16.7% Output Shorted To Gnd-Overstzeas (10722-000,Qty:2)

Shorted 8.3% 8.3% Shirt-Surface Scratch Smeared Metallization
(10722-000,Oty:1)

Other ------ 0.0%
Metallization NR Met atlization Defects (24417-001,NR)

Contaminated NR Contamination Under Metal Runs/Electromigration
(24417-001,NR), Contamination of Oxide Layer/Pin Holes in
Oxide (24417-001,NR)

Cracked/Fractured NR Microcracks in Metal Runs (24417-001,NR)

Oxide Defects NR Oxide Defects (24417-001,NR)

IC Digital,Quad,True/Comp Buffr Sources:l
Opened 100.0% 100.0% Open At Output Pin 1-External Overstress (10722-000,Qty:l)

IC Digital,SSI/MSI Sources:7
Output Stuck High 38.4% 29.1% Output Stuck High (25001-000,Qty:l), .2 Kohm short from

output to Vcc-ESD Damage (25001-000,Qty:l), Node Stuck
High-Overstress - High Current Transien (25027-000,Qty:7),
Output Node Stuck High-Electrical Overstress
(25027-000,Qty:57), Logic Low Level At Outputs Are High
(Approx I V) (10722-000,Qty:7), Pin 5 Locked High-,External
Overstress > 5.0 Volts (10722-000,Qty:l), All Outputs Binary
1 (High] State-Vcc Line Fused (10722-000,Oty:l)

Opened 18.7% 14.2% Open (24992-000,25.0%), Pin #1 Open-Cracked Package at Pin
#1 (25001-000,oty:l), Output Burned Open-Overstress
(10722-000,Qty:l), Open Circuit At Output Pin 2
(10722-000,Oty:3), Open Circuit At Pin 10 (10722-000,Qty:l),
Open Circuit At IC Pin 10-External Overstress
(10722-000,Qty:l), Pins 6 And 24 Open-Electrical Overstress
(10722-000,Qty:l), Open-Overstress (10722-000, Qty:l)

Drift 13.2% 10.0% Drift (24992-000,50.0%)

Shorted 12.0% 9.1% Short (24992-000,25.0%), VCC Was Shorted To
Ground-Electrical Overstress (10722-000,Qty:3), Shorted From
Pin 15 WA2) To Pin 3 (V-)-EOS/ESD (10722-000,Qty:6), Short
To Ground (Pin 12) Of Input Pins 10 & 11 (10722-000,Qty:l),
Outputs Associted W/12 & 13 Resistive/Shorted
(10722-000,Qty:l), Channel Shorts B-E On Both Input
Trans.-Overstress (10722-000,Qty:l), Output Transistors
Shorted i Gnd Metal Fused Open (10722-000,Qty:l)

Electrical Oversirea& 7.7% 5.9% Electrical Overstress (25027-000,oty:29)

Cracked/Fractured 7.4% 5.6% Fractured Lids (10722-000,Qty:18)

Erroneous u-'jtput 2.5% 1.9% Outputting Erroneous Data-External Overstress
(10722-000,Qty:l), PIND Failure-Organic Fiber
(10722-000,Qty:i), Failing Outputs-Excess Energy Dissipation
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3-114 Failure Distribution Summaries FMD-91
?art Failure Norm Fail Data
Docm. Mode/Moch Dist. Dist. Source(s)/Details

IC DiqitsalSI/MS1 (continued)
Erroneous Output (continued)

(10722-000,Qty:3), Failed To Produce Correct Data-VC• Line
Fused Open (10722-000,Oty:l)

Unknown ------ 18.1% Unknown (23!46-001,6.9%) (23546-001,15.5%)
(23546-001, 15.6%) (23545-001,21.8%) (23F46-001,24.5%)
(23546-001, 64.4%) (24996-000,NR) (24996-000, NR)
(24996-000,NR) (24997-000,NR) (24997-000, NR) (249M0-000,WN)

Induced ---- 0.6% Degradation Of 6 Of 8 Outputs-External Overstress
(10722-000,Qty:1), Vcc Lead, Internal, Fused Open-im•roper

Socket Ins (10722-000,Oty:l)

Other (%3) ------ 5.6%
Output Stuck Low 1.6% Outputs Were Locked In A Low State-Ext. Ovtrstre6s

(10722-000,0ty'2}, Shorts Between Output Pins 14, 16, 18,
And Ground (10722-000,oty:l), Outputs Stuck Low-Electrical
Overstress (10722-000,Oty:2)

No Output 1.5% Incorrect or No Output-Electrical Overstress
(25027-000,Oty: 6), Device Inole.iative-High Vo.,tage
Overstress (10722-000,Qty:l)

Package/Related Failure 1.1% VAC Leak (23546-001,4.1%) (23546-C01,5.0%)

Failling V3WS 0.8% Failing VSWR (23546-001,2.5%) (23546-001,4.1%)

Output Leaky to Ground 0.3% output Pin 8 Leaky To Gnd (10722-000,Qty:l)

Intermittent Operation 0.3% Intermittent Latch Up (I0722-000,Qty:l)

Connector Failure NR Connector Failing (24996-000,NR), Coz~noctor failure
(24997-000, NR)

IC Linear (Summary)
Degraded operation 47.8%
No Output 31.8%
Output Stuck Low 9.5%
Shorted 6.4%
Intermittent Operation 4.5%

IC Lineat Sources :5
Degraded Operation 50.1% 46.8% Degraded (24995-000,oty:41) (24995-000,Qty:*.44), Bad Output

(25027-000,O2ty:l) (25027-000,Qty:3!, Change in paremeters
-degraded- (24997-000,62.0%), Functional Anomalies
(24997-000,24.0%)

No Output 40.7% 38.0% High Or Low (24990-OOC,i0.0%), No Output (24990-000,80.0%),
High output (25015,32.0%), Low Output (25015,68.0%)

Shorted 3.1% 2.9% Short (24995-000,Oty:13) (24995-000,Qty:89)
(24997-000, 6.0%)

Opened 2.3% 2.1% Open (24995-000,oty:12) (24995-000,Qty:69), Open Circuit
(24997-000,4.0%)

Drift 2.1% 2.0% Drift (24990-000,10.0%V

Mechanical Failure 1.7% 1.6% Mechanical Anomaly (24995-000,Qty:4) (24995-000,Qty:59),
Mechanical faults (24997-000,3.0%)

Induced 6.6% Functional Anomaly (24995-000,0ty:80) (24995-000,Qty:326)
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FMD-91 Failure Distribution Summaries 3-115
P~rt. ailurfý No" F~il Data
Dev. Mode/Meuh !.sat, Dist. S.,urcea/Details

TC Linear, romparator Souroesil
Opened 100.0% 100.0% O4en V+ Line-Elactriaal Overstress (l0722-000,Oty:j), V+

(Pin 3) Open To All Circuitry-Elent Overstres,
(10722-0000Qtyl)

IC Lineea,Line Driver Souroes:l

Output Stuck Low 56.0 58.0% Output Stuck Low (25015-000,58.0%)

Input Open 16.0% '16.01 Input Open (25015-000,16.0%)

Outplt 'Pon 16.0% 16.0% Output Open (25J15-000,16.0;)

Supply Open 10.0% 10.3% Supply Open (25015-0r)0,10.0%)

IC Linear,Op. Amp. Sources:3
Degraded Operation 5 .0% 53.6% Output Voltage Instability j2500.l-000,Qty:l), Clipped

Output Wavefcrm-Eluctrical Overstress (25027-000,Qty:16),
Incorrect AGC Output-Silver Particies Bridging C1
(10722-000,Qty:2)

Intermittent Operation 13.1% 12.3% Intermittent Failure (25027-000,Qty:1O),
Intermittent-Presence Of A Mobile Particle (10722-000,Qty:l)

Shorted 9.7% 9.1% PIND Failure (10722-0C'0,Qtyi4), Channel Shost From
+VCC&-VCC-Electrical Overstress (10722-000,Qty:l), Pin 5
Short To Case-Overstress (10722-000,Qty:l)

Electrical Overstress 5.7% 5.4% Overstress - Current Transients (25027-000,Oty:5)

Resistor Failure 4.8% 4.5% Resistor Net Value Shift-Dent In Met/Film Resiatnr
(10722-000,QLy:3)

Degraded Output 4.8% 4.5% Functionally Discrepant (10722-000,Oty:3)

Drift 4.8% 4.51 DC Offset Failures-Damaged Metallization (10722-000,oty:3)

Other (<%5) 6.1%
No Output 3.0% No Output-External Voltage Overstress (10722-000,Qty:l), No

Response Woted At Output Pin-Elect Overstreis
(10722-000,Qty:l)

Bond/Beam Failure l.L% Lifted Bond (10722-000,Qty1)

Output Stuck High 1.5% Outpiit Locked At Positive Rail-Pin 9 overstressed
(10722-000, Qty:l)

IC Linear,Op. Amp.,Power Sources:l
Die/Attachment Failure 100.04 100.0% Lifted Substrates (10722-000,Qty:2)
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3-116 Fallure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deac. Mode/Mech Dist. Dist. Source()/IDetails

IC Linear,Op, A•r.,Quad Sources:2
Degraded Ottput 50.0% 50.0% Low Slew Rate.-Poor Die Attach (25027-000,Qty:l)

No Operation 31.3% 31.3% Nonfunctional-Overstress Current (10722-000,Qty:5)

Shorted 12.5% 12.5% Shorted V+ To V--Overstress (10722-000,Qty:I), Resistive
Short In Op Amplifier (10722-000,Qty:l)

Opened 6.3% 6.3% Open In The V+ Line (10722-000,Qty:l)

IC Lina:a,Regulator,Voltage Sources:1
Induced ------ 100.0% Emitter Leads Of Control Transistors Fused

(10722-000,Qty:3)

IC Linear, Sw.'.tch Sources:l
WIre Bond Failure 50.0% 50.0% Opens At Various Internal Leadwire Bonds (10722-000,Qty:l)

Switch Feilure 50.0% 50.0% Three Of The Four Switches Were Inoperative
(10722-000,Qty:l)

IC Linear,Switch,Quad Sources:1
Opened 50.0% 50.0% Open Circuit-External Overstress (10722-000,Qtyfl)

Switch Failure 50.0% 50.0% Switch 3 (Pin 9) Was Not Functional (10722-000,Qty:l)

IC Linear,Voltage Follower Sources:1
Degraded Operetion 100.0% 100.0% Output Of The Device Was Abnormal (10722-000,Qty:l)

IC Linear,Voltage Reference,Precision Sources:1
Extraneous Bond 100.0% 100.0% PIND Failure-Loose, Extraneous Bond (10722-000,Qty:2)

IC Linear,Voltage Regulator Sources:3
Shorted 75.0% 50.0% Short-Bond "toe" Overhang (25027-000,Qty:l)

(25027-000, Qty:2)

Electrical Overstress 25.0% 16.7% External Overstress (10722-000,Qty:i)

Induced 33.3% Inverting Degraded-Externally Induced Overstress
(10722-000,Qty:2)

Igniter,Explosive Squib Sources:l

Shorted 44.5% 44.5% Short (24992-000,44.5%)

Cracked/Fractured 33.3% 33.3% Crack (24992-000,33.3%)

Opened 11.1% 11.1% Open (24992-000,11.1%)

Leaking 11.1 11.1t Leak (24992-000,11.1%)
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FMD-91 Failure Distribution Summaries 3-117
Part Failure Norm Fail Data
Deso. Mode/Mach Dist. Dist. Source(s)/Details

Indicator Sources:2
Out of Adjuutment 47.9% 20.8% Out of Adjustment (20609-000,Qty:2,420) (23038-001,Qty:5)

Worn 12.3% 5.3% Worn Excessively (23038-.001,Qty:6), Worn Out
(20609-000,Qty:251)

Binding/Sticking 10.2% 4.4% Binding/Seized Frict (23038-001,Qty:2), Binding
(20609-000,Qty:440)

Incorrect Feedback 8.1% 3.5% Feedback Incorrect (;3038-001,Qty:6)

Spurious/False Operation 8.0% 3.5% Faulty Reading (23038-O01,oty:3), Erratic
(20609-000,Oty:236)

Out of Spec. 6.7% 2.9% Out of Tolerance (2060)-000,Qty:396)

Excessive Vibration 6.7% 2.9% Excessive Vibration (23038-001,Qty:5)

Unknown 40.6% Unknown (20609-000,Qty:2,826) (23038-001,Qty:34)

Induced ------ 1.3% Improper Adjustment (23038-001,Qty:l), Miswired
(23038-001,Oty:l), Burned (20609-000,Oty:14)

Other (<%6) 14.8%
No Output 2.3% No Output (23038-001,C!ty:4)

Incorrect Voltage 1.7% Incorrect Voltage (23038-001,Qty:3)

Oscillating 1.7% Oscillation (23038-001,Oty:3)

Loss of Control 1.7% Control Inoperative (23038-001,Oty:3)

Broken 1.5% Broken (20609-000,Qty:43) (23038-001,Oty:2)

Improper Output 1.2% Improper Source Output (23038-001,Qty:l), Pressure
Incorrect (23038-001.,Qty:l)

Cracked/Fractured 0.8% Cracked/Fractured (20609-000,oty:114)

Collapsed 0.6% Pinched/Flat/Collaps (23038-001,Oty:l)

Burred 0.6% Burred (23038-001,QJty:l)

Change in Resistance 0.6% Resistance High (23038-001,Oty:l)

Corroded 0.6% Corroded (23038-001,0ty:1)

Drift 0.6% Fluctuates/Unstable (23038-001,oty:l)

Out of Balance 0.6% UnBalanced (23038-.'01,Qty:l)

Leaking 0.1% Leaking (20609-000,Qty:14)

Shorted <0.1% Short (20609-000,Qty:13)

Stripped <0.1% Stripped (20609-000,Qty:4)

Opened <0.1% Opened (20609-000,Qty:2)
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3-118 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Demo. Mode/Much Dist. Dist. Source(s)/Details

Indicator,Fault Ball Sourcesil
Open Wire 70.01 70.0% Internal Wizing Open (10722-000,Qty:l), Open Wires And Slot

Damage-Vibration Fatigue (l0722-000,Qty:6)

Binding/Sticking 30.0% 30.0% Cap Sticking When Reset-Lack Of Lub. A Organic Con
(10722-000,Qty:2), Cap Sticking (i0722-000,Qty:l)

Indicator,Fault Locating Sources:l
Opened 75.0% 66.7% Open Circuit-Tensile Failure (10722-000,Qtyt3), Open

Winding (10722-000,Qty:2), Open Winding-Tensile Failure
(10722-000,Qty:l)

Intermittent Operation 25.0% 22.2% Ind. Switched States-Misalignment of Reset Magnet
(10722-000,oty:2)

Unknown 11.1% Unknown (10722-000,Qty:l)

Indicator, Level Measurement Sources:1
Unknown <0.1% Unknown (24996-000,NR)

Other ------ 100.0%

Erroneous Readings NR Erroneous Readings (24996-000,NR)

Degraded Operation NR Failure to Indicate (24996-000,NR)

Loss of Control NR Control Circuit Fail (24996-000,NR)

Indicator,Pressure Measurement Sourcesil
Unknown <0.1% Unknown (24996-000,NR)

Other ------ 100.0%

Sensors and Transducers Failure NR Sensors and Transducers (24996-000,NR)

Transmitter Failure NR Transmitters (24996-000,NR)

Switch Failure Ni Control Switches (24996-000,NR)

Indicator,Rate of Flow Sources:1
Erroneous Output 77.8% 73.7% Failure to Indicate (24996-000,30.0%), Erroneous Readings

(24996-000,40.0%)

Loss of Control 22.2% 21.1% Control Circuit Fail (24996-000,20.0%)

Unknown 5.3% Unknown (24996-000,5.0%)
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FMD-91 Failure Distribution Summaries 3-119
Part Failure Norm Fail Data
Dose. Mode/Mach Dist. Dist. Source() /Details

Injector Sources 1
Corroded 97.5% 87.5% Corroded (24992-000,87.5%)

Deformed 7.5% 7.5% Deform (24992-000,7.5%)

Cracked/Fractured 5.0% 5.0% Fracture - Burst (24992-000,5.0%)

Inner Tube Sources:1
Leaking 54.8% 52.0% Cracked/Split-Leaking Air (25101-000,Qty:l), Leaking Air

(25101-000,Qty~l) (25101-000,Qty:4), Overheated - Leaking
Air (25101-000,Qty:4), Part Struck/Damaged - Leaking air
(25101-000,Qty:30), Stolen - Leaking Air (25101-000,Qty:l),

Unknown - Leaking Air (25101-000,Qty:5), Vibration - Leaking
Air (25101-000,Qty:2), Part Struck/Damaged .- Leaking Air
(25101-000,0tyO3)

Cut/Scarred/Punctured 33.3% 31.6% Cut-Leaking Air (25101.-000,Qty:l) (25101-000,Qty:24),
Cut-Punctured (25101-000,Qty:l), Cut-Cut/Scarred
(25101-000,Qtyil), Punctured (25101-000,Qty:3), Unknown -

Cut/Scarred (25101-000,Qty:l)

Aged/Deteriorated 10.8% 10.2% Deteriorated/Aged - Leaking Air (25101-000,Qty:9),
Deteriorated/Aged - Deteriorated (25101-000,Qty:l)

Bent/Dented/Warped 1.1% 1.0% Collapsed/Bent (25101-000,Qty.l)

Induced 5.1% Improper Installation - Cut/Scarred (25101-000,Qty:2),
Improper Installation - Leaking Air (25101-000,Qty-2),
Abnormal Operation (25101-000,Qty:l)

Insulator Sources:1
Aged/Deteriorated 50.0% 50.0% Deterioration Of Plastic Material (24993-000,50.0%)

Broken 50.0% 50.0% Mechanical Breakage (24993-000,50.0%)

Isolator, Vibration, Rubber Sources:1
Aged/Deteriorated 100.0% 85.0% Material Deterioration (24993-000,85.0%)

Unknown 15.0% Unknown (24993-000,15.0%)

Isolator,Vibration, Spring Sources:1

Spring Failure 100.0% 5.0% Spring Fatigue (24993-000,5.0%)

Induced 80.0% Degradation Of Damping Medium (24993-000,80.0%)

Unknown 15.U% Unknown (24993-000,15.0%)
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3-120 Failure DistributionSummaries FM D-91_
P&rt Failure Norm Fail Data
)esc. Mode/Mach D13t. Dist. Source(.i)/Details

Joint Mocharlual, Universal Sourcews ; 1
Broken 69.0% 41.4% Broken/Damaqitd (251'11-000,Qty:Z1), Broken/Separated

Brnken/Damaged (25101-000,Qty:
2)

Wom~ 22.9% 14.3% Worn - Tnop/Unservicsable (251,01-000,Qty:l)
(25103-O00,Qty:l), Worn - hLxcessive Play (25101-000,oty:7),
Worn - Loose (25101-000,Qty~l)

Cracked/Fractured 4.8% 2.*9% cracked/split-Inop/Uriservitceable (25101-000, Qty: 1), Cracked
(25101-000,Qty:i.)

Excessive Vibration 2.4% 1.4% Vibration - Inop/Unserviceabl& (251UI-OCO,Qty:l)

Induced ---- 40.0% Caused By Other Failure-Broken/Darnaegd (25101-000,Qty:4),
Fell Off Or Lost - Missing (25101-000,Qty..I), Improper

Installation -Broken/Damaged (25101-000,QtyAl), Improper
Maintenance -Broken/Damaged (251101-000,0ty:3), Wrong Part -

Broken/Damaged (25101-000,Qty:l0), Fell off or Lost
(25101-000,Qty:1), Lack of Maintenance - Binding/Sticking
(25101-000,Qty:1) (2510.-000,Qty:fl, LAck of Maintqnance -

Fnd In TI/PM^-S/INSP (25101-000,Qty.l), Lack Of Maintenance -

Corroded (253101-000,Qty:2)

Key Sources :1
Bent/Dented/Warped 100.0% 100.0% Collapsed Bent (25l0l-000,Qty~l)

Key, Locking Sources :1
Loose 86.7% 76.5% No Failure - Loose (25101-000,Qty:l), Worn - Loose

(25101-000, Oty: 12)

Worn 13.3% 11.8% Worn Out (25101-000,Qty:l) (2510l-000,Qty:l)

Induced ---- 11.8% Caused By Other Failure-Worn Out (2510l-000,Oty:l), Caused

By other Failure-Broken/Damaged (25101-000,Oty:l)

Key, Machine Sources :1
Worn 71.4% 55.6% Worn Out (25101-000,Qty:l) (25101-000,Qty:4)

Excessive Play 14.3% 11.1% Worn - Excessive Play (25101-000,Qty.1)

Bent/Dented/Warped 14.3% 11.1% Warped/Bent - Found In TI/PMr)S/Insp (25101-O00,Qty:l)

Induced ---- 22.2% Fell Off Or Lost -ý Missing (25101-000,Qty:l), improper

Maintenance - Missing (25101-000,Qty:l)

Key, Woodruff Sources :1
Loose 50.0% 25.0% Part Missing/Loose - Inop Man Elevation (25101-000,oty:l)

Aged/Deteriorated 50.0% 25.0% Deteriorated/Aged - Skcips (25101-000,Oty.-l)

Unknown ---- 25.0% Unknown (25101-000,Qty:l)

Induced ---- 25.0% Caused By Other Failure-Binding/Sticking (25101-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-121
Part Failure Norm Fail Data
Dosc. M'ode/mech Dist. Dist. Sourc*(a)/Detaitls

Keyboard Sourcos1z3
Mechanical Failure 25.9% 3.8.4% Mechanical Type (Other) (24996-000,9.0t), Solid State

(Mechanical Fai'.re) (24996-000,50.0%), Mechanical Types-
(Other) (24W~-000,9.0%), Solid state (Mechanical failure)
(24997-000,50.0%)

Spring Failure 23.3% 16.5% Mechanical Type (Spring Fatigrue) (24996-000,26.01),
Mechanical Type (Broken Spring) (24996-000,27.0t),
Mechanical Types: (Spring Fatigue) (24997-000,26.0%),
Mechanical Types: (Broken Spring) (24997-000,27.0%)

Contact Failure 22.6% 16.1% Mechanical Type (Contact Miss) (24996-000,51.5%),
Mechanical Types: (Contact Miss) (24997-000,51.5%)

Wiring & Connection Failure 11.0% 7.8% Solid state (Wiring & connection fail) (24997-000,50.0%)

Connection Failure 11.0% 7.8% Solid State (Wiring & Connection Fail) (24996-000,50.0%)

Locked Up 6.1% 4.3% Locked tUp (19542-000,13.0%)

Unknown ---- 23.2% Unknown (19542-000,69.6%)

Induced ---- 1.4% improper Connections (19542-000,4.3%)

Other (0%3) ---- 4.3%

Indictor/Displeay Failure 1.4% Led Display Defective (19542-000,4.3%)

XC Failure 1.4% U3-32 Defective (19542-000,4.3%)

Cable Failure 1.4% Cable (GP554) Defective (19542-000,4.3%)

Kl~axon, Annunciator Module Source& :1
Degraded operation 52.0% 52.0% Degraded (1.8175-000,52.0%)

Spurious/False operation 25.0% 25.0% Catastrophic-Operates Spurious Or False Responsv
(18175-000,25.0%)

Fails to Op. on Demand 23.0% 23.0% Catastrophic-Fails To Operate On Demand (18175-000,23.0%k)

Lamp (Sunmmary)
Lamp F'ailure 36.1%
opened 28.0%
Lose of Lumination 13.1%
Worn 9.5%
No Output 5.6%
Burned /Charrod 3.9%
Broken 3.8%

Lamp Sources :7
Lamp Failure 56.2% 41.7% Light Bulb Failure (23038-00l,Oty:l5) (23038-002,Oty:6)

(23038-002,Qty:14) (23038-002,Qty:24) (23038-002,Oty:48)
(23038-002,Qty:57) (23038-003,Qty:3) (23038-003,Qty:5)
(23038-003,Qty:7) (23038-003,Oty:-7) (23038-0O3,Qty:13)
(23038-003,Qty:25) (23038-003,Qty:29) (23038-004,Qty:lB)
(23038-006,Oty:2) (23038-006,Qty:3) (23038-006,Qty:19)
(23038-O06,Qty:29) (23038-006,Qty:35) (23038-006,Oty:,62), No
Indicating Light (23038-002,Qty:l) (23038-002,Oty: 1)
(23038-002,Qty:2) (23O38-003,Qty:1l), Light Bulb
(23038-002,Qtyt3S), No Indicating Lights (23038-004,Qty:2),
Light Bulb failure (23038-006, Oty: 9) (23038-006, Oty: 2/)

Opened 19.5% 14.5% Open (23038-002,Oty:l) (24990-000,100.0%), Open Fillament
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3.122 Failure Distribution Sunmrarites FMD-91
Part Failure Normi Pall Data
Dose. Modo/Mach Dist. Dist. Source(s)/Details

Lamp (continued)
Opened (continued)

Tube (23038-002,Qtyt1) (23038-002,Qty.2), Fused
(23038-002, oty: 1)

Burred 7.4% 5.5% Burred/Charred (23039-00l,Qty:9) (23038-002,Oty:l)
(23038-002,Qty:12) (23038-002,0tyil6), Burred
(23038-002,Qty: 1) (23038-002,Qty: 1) (23038-002, oty:4)
(23038-002,oty:5) (23038-002,Qty:13)

Broken 6.3§ 4.7% Broken (23038-002,Qty:l) (23038-002,Oty:4)
(23038-002,Oty:*5) (23038-002.Qty:5) (23038-002, Qty: 6)
(23038-002,Qty:6) (23038-003, oty: 1) (23038-003,Oty: 1)
(23038-003,Qty:2) (23038-004,Qty:ll) (23038-006,Qty:l)
(23038-006, Qty:2)

Burned/Charred 5.1% 3.8% Burned/Charred (23038-0O3,Qty-l) (23038-003,Qty:1l)
(23038-003,Qty:l) (23038-003,Qty: 9) (23038-004,Qty: 9)

Cracked/Fractured 3.0% 2.2% Broken/Fractured (23038-001,Qty:4), Cracked
(23038-002,Qty:l) (23038-003,Qty:4), Broken/Cracked
(23038-006, Qty:3)

L~oss of Control 2.4% 1.8% Control Inoperative (23038-002,Qty:l) (23038-002,oty:1)
(23039-002,Qty:2) (23038-002,oty:2) (23038-002,Qty:2)
(23038-002,Qty:5) (23038-003,Qty:1) (23038-003,Oty:l)
(23038-004, Oty: 4)

Unknown ---- 22.6% Unknown (23038-001,Qty:7) (23038-002,Qty:2)
(23038-002,Qty:4) (23038-002,Qty:6) (23038-002,Qty:B)
(23038-002, Oty: 14) (23038-002, Oty: 16) (23038-003, Oty :1)
(23038-003,Qty:l0) (23038-004,Oty:9) (25101-000,Qty:l)

Induced ---- 1.7% Missinq (23038-001,oty:l) (23038-002,Qty:1)
(23038-002,Qty:l) (23O38-002,Qty:2) (23038-002,Qty:2)
(23038-003, Oty: 1) (23038-006, Oty: 1) (23038-006, Qty.*5)
(23038-006,Qty:5), Wronq Part (23038-002,Q)ty:l), Inproper
Energy' (23038-002,Qty:l), Maintenance Error
(23038-003, Qty, 1)

Other (0%2) ---- 1.5%
Insulation Failure 0.5% Insulating Breakdown (23038-001,Qty:1), Insulation

Breakdow~n (23038-002,oty:2)

Shorted 0.2% Short- (23038-002,Qty:1) (23038-002,Qty:3), Grounded
(23038-002,Oty:l), Shorted/Grounded (23038-002,Qty:li

No Operation 0.2% Inoperative (23O38-002,Qty:l) (23038-002,Oty:2)
(23038-003, Qty:l)

Worn 0.2% Worn Excessively (23O38-002,Qty:2) (23038-002,Oty:3)

Corroded <0.1% Corroded (23038-002,Qty:2)

Spurious/False Operation <0.1% Faulty Reading (23038-002,Qty:l)

Connection Failure <0.1% Connection Defect (23038-002,Qty.,l)

Stripped 40.1% Stripped (23038-002,Qty:1)

Intermittent Operation <0.1% Intermittent (23038-002,Qty:1l)

Blown Fuse <0.1% Fuse Blown (23039-002,Qty:1)

Burst/Ruptured <0.11 Burst (23038-0O2,Qty:1)

Contaminated <0.1% Dirty (23038-OO2,Qty:1)

No Output <0.1%6 No Output (23036-002,Qty:l)
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FMD-91 Failure Distribution Summnaries 3-123
Part Failure Norm Fail Data
Deco. Mode/Mech Dist. Dist. Source(s)/Details

Lamp,Bulb Sourcent 4
Lamp Failure 68.8% 53.8% Light Bulb Failure (23038-00l,Qty:3) (23038-004,Qty:l)

(23038-004,Qty:3) (23038-005,oty:l) (23038-005,Q)ty:4)
(23038-005,Qty:6) (23038-005,Qty:64) (23038-006,Qty:22)

Shorted 17.1% 13.40 Shorted Or Grounded (23038-004,Oty:9) (23038-005,Oty:l)

Burned/Chirred 5.6% 4.4% Burned/Charred (23038-005,Qty:l) (23038-005,Qty:l)
C23038-005,Qty:3) (23038-005,Qty:25)

Loss of Control 3.3% 2.6% Control Inoperative (23038-005,Qty:4) (23038-006,oty:2)

Broken 2.0% 1.6%k Broken (23038-005,Qty~l) (23038-005,Oty:l0)

Burst/Ruptured 1.9% 1.5% Burst C23038-004,Qty:l)

Cracked/Fractured 1.3% 1.0% Cracked C23038-005,oty:7)

Indu~ed ---- 11.3% Missing (23038-00l,Qty:l) (23038-005,Qty:2)
(23038-006,Qty:lE, Wrong Part (23038-001,Oty:l)

Unknown ---- 9.2% Unknown (23038-004,Oty.-3) (23038-005,Oty:l)
(23038-005,Qty:1) (23038-0O5,Qty:2) (23038-005,Oty:22)

Other (0%2) ---- 2.3%
Seal/Gasket Failure 0.7% Blown Seal/Gasket (23038-005,Oty:5)

Opened 0.7% No Indicating Lights (23038-005,oty:1), Blown Fuse
(23038-005,Qty:l), Fused (23038-005,Qty:l), Open
(23038-005,Oty-l), open Filarment Tube (23038-005,Qty:1)

Burred 0.3% Burred C23038-005,Qty:2)

No Output 0.1% No Output (23038-005,Qty:1)

Loose 0.1% Loose (23038-005,Qty:l)

No Operation 0.1% Inoperative (23038-005,Qty:l)

Loss of Power 0.1% Electrical Pwr Loss (23038-005,Qty~l)

Lamp, Electric Sources :1

Lamp Failure 92.5% 92.5% Burned out Or Defective Lamp, (25464-000,Qty:319)

Broken 7.2% 7.2% Broken (25464-000,Qty:25)

Corroded 0.3% 0.3% Corroded Mild/Moderate (25464-OOO,Qty:l)

Lamp, Floureucent, Incondescent Sources :1
Worn 100.0% 100.0% Wearout (Open) (24991-000,100.0%)

Lamp, Incandescent Sources:7
Opened 54.3% 20.1% Degradation (Loss Of Filament Emission) (24993-000,90.0t),

Open (23038-001,Qty:1l) (23038-O0l,Qty.2) (23038-005,Qty:l)
(23038-005,gty:3), No Indicating Light (23039-001, Qty: 1)
(23O38-0O5,Qty:l), No Indicating Lights (23039-O04,Qty:2)
(23038-004,Qty:l1), open Filament Tube (23038-0O5,Qty:l)
(23038-005,Qty:2), Evaporation of the Tungsten Filament
(22540-000,NR) (22540-O00,NR), Electromigration of the
Tungsten Filament (22540-000,NR)
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3-124 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Lamp, Incandeacent (continued)
Burned/Charred 3.7.8% 6.6% Charred (23038-001,oty:l) (23038-001,Qty~l)

(23038-00l,Qty:2) (2303B-00l,Qty:4) (23038-001,Oty:5),
Burned/Charred (23038-004,Qty:l) (23038-004,Qty:l)
(2 3O3 8-004,Qty:2) (23038-004,Qty:3) (23038-004,Oty:12)
(23038-0O5tQty:2) (23038-005,Qty:3) (23038-005tOty:4)
(23 038-00S,oty:6) (23038-005,Qty:9) (23038-005,Qty:1.3)
(23038-005, Oty: 18)

Broken 11.9% 4.4% Broken (23038-00l,Oty:l) (230 38-00l,oty:l)
(23038-O0lQty:l) (23038-00l,Qty:2) (23038-00l,Qty:2)
(23038-001,oty:3) (23038-004,Qty-l) (23038-004,Oty:3)
(23038-004,Oty:4) (23038-004,Qty:5) (23038-005,Qty:l)
(23038-005,Qty:2) (23038-005,Qty:2) (23038-005,Oty.2)
(23038-005,Qty:3) (23038-005,Qty:3) (23038-O0b,Oty:18),
Broken/Missing (23 038-004,Qty:l), Broken Filament Wire
(24417-000, NR)

Cracked/Fractured 7.5% 2.8% Catastrophic (Filament Breakage, Glass Breakage)
(24993-000,20.0t), Cracked (23038-00l,oty:l)
(23038-001, Oty: 4)

Loss of Control 5.0% 2.1% Control Inoperative (23038-004,Oty:l) (23C38-004,Qty:l)
(23O38-004,Qty:2) (23038-004,Qty:8) (2303B-004,Qty:l0)
(23038-005,Qty:l) (23038-005,Qty:l) (23038-005,Qty:l)
(23038-005, Qty:3)

Burred 2.9% 1.1% Burred (23038-00l,Qty:3) (23038-00lQty:4)

Unknown ---- 56.2% Unknown (22540-000,NR) (23038-O0l,Qty:l) (23038-00l,Qty:l)
(2 3038-001,Qty:l) (23038-00l,Qty:l) (23038-001,Qty:l)
(23038-00lQty:2) (23038-00lQty:2) (2303B-001,Qty:3)
(23038.00Ol,oty:3) (23038-001, Qty:5) (23038-001, Qty:7)
(23038-00lQty:8) (23038-001,Qty:8) (23038-001,Oty:17)
(2.3038-001,Qty:23) (23038-004,Qty:l) (2 3 038-004,Qty:l)
(23038-004,Oty:l) (2 3 038-004,Oty:5) (23O38-004,Qty:6)
(2 3 038-004,Oty:7) (23038-004,Qty:9) (23038-004,Qty:l0)
C23038-004,Qty:21) (23038-004, Oty:31) (23038-004, Oty: 49)
(2 3O38-005,Qty:l) (23038-005,Qty:l) (23038-005,Qty.1)
(23038-005,Qty:1) (2~338-005, Qty:l) (23038-005, Oty: 1)
(23O38-005,Qty:3) (23038-005,Qty:6) (23038-005,Qty:8)
(23038-005,Qty:9) (23038-005,Qty:ll) (2303B-005,oty:15)
(23 038-005,Qty:17) (23038-005,Qty:19) (2 3O3 B-005,Qty:30)
(23038-005,Qty:91) (23038-006,Qty:3)

Induced--------------------3.6% Caused By Other 0ev. (23038-.00l,Qty:l), Missing
(23 O38-00l,gty:3) (23038-O04,Qty:l) (23038-0O4,Oty:4)
(23038-004,oty:9) (23038-005, Oty: 1) (23038-005, Qty:2)
(2303B-005,Qty:2) (23O38-005,Qty:5) (23038-005,Oty:9)
(23038-005,oty:13) *, Improper Fit (23038-004,Qty:l),
Defective Soldering of Leads (24417-000,NR)

Other (0%3) ---- 3.1%
No Operation 0.844 Inoperative (23O38-O0l,Qty:2) (23038-004,Qty:l)

(23038-005,Qty:l) (23 038-OOS,Oty:l) (23038-005,Qty:l)
C23038-005,Qty:l) (23038-005,gty:3)

Improper Output 0.74 Improper Source Output (23038-004,Qty.9)

Shorted 0.7% Short (2 3 O38-00l,Qty:l) (2 3 O38 -O0l,Qty:l), Short or
Grounded (23038-004,Qty:l) (23038-005,Qty~l), Shorted Or
Grounded (23038-004,Qty:2) (2 3038-005,Qty:l), Shorting of
Lead Wires ir. Base of Based Lamps (24417-000,NR)

Liquid/Vapor Lock 0.5% Liquid/Vaper Lock (2 3 03 8 -004,Qty:6)

Blown Fuse 0.2% Fure Blown (23038-0Ol,Uty:l) (23038-005,Qty:1)

Corroded 0.1% Corroded (23038-004,oty:1) (23038-OOS5,Qty.l)
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FMD-91 Failure Distribution Summaries 3-125
Part Failure Norm Fail Data
Desc. Mude/Mach Dist. Dist. Source(s)/Detalls

Lamp, Incandescent (continued)
Other (continued)

Wo rr' <0.1% Worn Excessively (23038-005,Qty.1)

Failling VSWR 0.1i High VSWR (23038-005,Qty:l)

Leaking NR Leaky Envelopes (24437-U00,NR)

Poor Filament Weld/Crimp NR Poor Weld / crimp of the Filament (24417-000,NR)

Electrical Overstress NR Overstress (24417-000,NR)

Seal Failure NR Damaged Glass Seals-duo to poor soldwring (24417-000,NR)

Lamp, Indicator Sources:1
opened 100.0% 100.0% Opened (20609-000,Qty:ll)

Lamp, Indicator, LED Sources:2
Loss of Lumination 70.0% 70.0% Loss of Illumination (24996-000,70.0%) (24997-000,70.0%)

No Output 30.0% 30.04 Fail to Light (24996-000,30.0%) (24997-000,30.0%)

Lamp, Nuclear Sources:1
Lamp Failure 60.0% 60.0% Inop Fire Control Lgt (25101-000,Qty:3)

Aged/Deteriorated 40.0% 40.0% Deteriorated/Aged - Inop Fire Control Lighc
(25101-000,Qty:2)

Lanyard Assembly Sources:1
Cut/Scarred/Punctured 34.3% 30.8% Cut-Cut/Scarred (25101-000,Qty:l), Cut-Inop/Unserviceable

(25101-000,Qty:l), Cut/Scarred (25101-000,Qty:22)

Worn 32.9% 29.5% Deteriorated/Aged - Worn Out (25101-000,Qty:l), Worn Out
(25101-000,Qty:8), Worn - Cable Frayed (25101-000,Qty:4),

Worn - Inop/Unserviceable (25101-000,Qty:9), Worn -
Broken/Damaged (25101-000,Qty:l)

Broken 14.3% 12.8% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty.3)
(25101-000,0 ty:5), Broken/Separated - Broken/Damaged
(25101-000, Qty: 1)

Cable Failure 11.4% 10.3% Cable Frayed (25101-000,Qty:8)

Loose 2.9% 2.6% Worn - Loose (25101-000,Qty:2)

Aged/Deterioratid 2.9% 2.6% Deteriorated/Aged - Broken Damaged (25101-000,Qty:2)

Cracked/Fractured 1.4% 1.3% Cracked/Split-Broken/DamAged (25101-000,Qtyl)

Induced 6.4% Improper Maintenance - hnop/Unserviceable
(25101-000,Qty:l), Item Abuse/Neglect - Cut/Scarred
(25101-000,Qty:2), Inm-oper Maintenance - Massing
(25101-000, Qty: 2)

Unknown 3.8% Unknown (25101-000,Qty:3)
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3-126 Failure Distribution Summaries FMER-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Laser, Semi conductor Sources: 1
Induced <0.1% Voltage Transients (22540-000,NR)

Unknown - <0.1 Unknown (22540-000,NR)

Other ------ 100.0%

Metallization NR P-Side Metalization Breakdown (22540-000,NR)

Facet Damage NR Catastrophic Facet Damage (22540-000,NR)

Dark Line Defects NR Dark Line Defects (22540-000,NR)

Dark Spot Defects NR Dark Spot Defects (22540 .000,NR)

Change in Resistance NR Thermal Resitance Degradation (22540-000,NR)

Homogeneous Degradation NR Homogeneous Degradatiorn (22540-000, NR)

Aged/Deteriorated NR Non-catastrophic Facet Deterioration (Erosion)
(22540-000, NR)

Intensity Pulsations NR Intensity Pulsations (2254C-000,NR), Optical Frequency
Shifts & Light Intensity Changes (22540-000,NR)

Laser, Semiconductor, He-Cd Sources :1

Condenser Blockage 42.2% 42.2% Condenser Blockage (22540-OOU,Qty:35)

Cadmium Depletion 34.9% 34.9% Cadmium Depletion (22540-000,0ty:29)

Cracke"/Fractured 9.6% 9.6% Glass Crack (22540-000,Qty:8)

Out of Adjustment 4.8% 4.8% Tube Alignment I Glass Strass (22540-000,Qty'4)

Over Pressure Tube Failure 3.6% J.6% Over Pressure Tube (22540-00,oty:3)

Helium Dep.iction 3.6% 3.6% Helium Depletion (22540-000,Qty:3)

Contaminated 1.2% 1.2% Cathode Contaminated (22540-000,oty1)

Other 0.0%
Degraded Output NR Power Output Deqradation-Helium Gas Loss (22540-000,NR),

Power Output Degradation-Cadmium Depletion (2254C-000,NR),
Power Output Degradation-Discharge Contamination
(22540-000,NR), Power Output Deqradation-Growth of Cd
Deposits mnt (22540-000,NR:

Filament Failure HR Filament FaWJure (22540-000,NR)

Rapsd Gas Loss NR Rapid Gas Luss-Glass Crack (22540-00C,NR), Rapid Gas

Loss-Seal Leak (.2540-000,NR)

Resonator Misalign. NR Resonator/Beam Misalignment (22540-000,NR)

Laser, Semiconductor, Helium-Neon Sourcest:1
Induced <0.1% Wgradation nf Dielectric Coatings (22540-000,NR)

Other ..... 100.0%
Loss of Power MR Loss of Power-Progresaive Risduction in Gas PressuL

(22540-000,NR), Loss of Power-Change in Gas Mix Ratio
(22540-000, NR)

Gas Diffusion MR Gas Diffusion Through the ,3lass Envelope (22540-000,NR)
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FMD-91 ____ ___Failure DistributionSummaries 3-127
Part Failure Norno Fail Data
riasc. Mode/Mach Dist. Dist. SourceWs/Details

Laser, Semi conduactor, Hal um-Neon (cont inued;- ,,)
0Other (continued)

Cathodo Sputtering NR Cathode Sputtering C22540-000,NR)

Laser, YAG Sources :1
Induced <-~- 0.1% Degradation Sputter-Deposition Mechanism (22540-000,NR)

Otho'r ---- 100.0%
Contaminated NR Dust on Optical Surfaces (22540-000,NR)

Out of Adjustment NR Misalignment (22540-000,NA)

Cooling System Failure NR Cooling System Failure (22540-000,NR)

Leg Assembly Sourcts :1

Bent/Dented/Warped 77.8% 41.2% Collapsed/Bent (2510l-000,Oty:l) (25101-000,Qty:6)

Broken 11.1% 5.9% Broken/Damaged (25101-000,Qty:1)

Loose 11.1% 5.9% Loose (2510l-000,Qty:l)

Induced ---- 47.1% Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:2), Item
Abusse/Neglect - Collapsed/Dent (25101-000,Oty:l), Lack Of
Maintenance - Binding/Sticking (25101-000,Qty:5)

Lens,Optical,Eleaent Sources:l
Crocked/Fractured 60.0% 60.0% Vibration - Cracked (25101-000,Qty:l) (25101-O00,oty:1),

Internal Failure -Cracked (25101-O00,Qty:l)

Broken 20.0% 20.0% Operation Error -Broken/Damaged (25101-000,Qty:1)

Cut/ScarreI/Punctured 20.0% 20.0% Cut/Scarred (25101-000,Qty:l)

Level Fire Control Sources:l
Out of Adjustment 37.0% 28.0% Out Of Adjustment (2510l-000,Qty:i) (25101-000,Qty.1)

(25101-000,Qty:2), Out Of Adjustment - Out Of Ad4Ustment
(25101-000,Qty:l) (25101-000,Qty:7), Out Of Adjustment -
Inaccurate (25101-000, Qty :8) (25101-000, oty: 10)

Out of Synch. 27.2% 20.6% Out Of Synch (25101-OOO,Qty:2) (251O1-000,oty:4)
(25101-000,Qty:15), Internal Failure - Out Of Synch
(25101-000, Oty: 1)

Aged/Deteriorated 9.9% 7.5% Deteriorated/Aged - Inop/Unserviceable (25101-000, Qty:1)
(25101.-000,gty:l) (25l01-O00,oty:2), Deteriorated/Aged -
Inop Fire Conrol Light (25101-000,Qty:1,, Deteriorated/Aged
- Inop Fire Control Light (251O1-000,Qty:1)
(25101-000,Qty:2)

Broken 8.6% 6.54A Broken/Separated - Inop/Unserviceable (25101-O00,Qty:l),
Broketn/Damaged (.25101-000, Q,,y-.) (251O1-OOO,Qty:li

Cracked/Fractured 8.6% 6.50 Cracked (25101-000, oty: 1) (25l01-000, Qty: 1)
(2-5101-OOC.Qty:l) (25101-000),Qty:1), Unknown - C:racked
(25101-C)00,Qtl'sl), Dropped - Cracked (25101-000,Qty:l)
(25101-000, Oty: 1)
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3-128 Failure Distribution Summaries _________FMD-91

Part Failure No'R. Fail Data
Desc. Made/Mn*ch Dist, Dist. Source(s)/Details

Lamp Failure 4.9% 3.71 Internal Failure - Inop Firo Control Lightv
(25101-000,Qty:1l) (25101-000,Oty:3)

Seal/Gasket Failure 3.7% 2.8;. Seals Worn - inup/Unserviceablie (25101-000,Qty:31

Induced ---- 12.1% Improper Alignment. -- Out Of Adjustment ý25101-000,Qty:l),
Improper Mainterance - Broken/Damaged (25lfll-000,Qty.,l),
Fell Off Or Lost - Missing (251101-000,Qty:l), Dropped
Inaccurate (25101-000,Qty.,l), Dropped - Brokiun/Da~mged
(25101-000,Qty:2. (25~.01-O00,Qty.-3), Improper Adjustment-
Out Of AdjLubtment (25101-000,Qty:l), Iten, Abuse - Cracked
(25101-000,Qty-l), Wrong Part - Inop Fire Control Light
(25101-000,Qt~y:l)o Lirong Part - inop/Unserviceable
(25101-000,Qty-l)

Unknown ---- 10.3% Unknown C25101-000,Qty:l) (25101-000,Qt~y:l)
(25101-000, oty.*9)

Other (<%3) ---- 1.9%
Le.,aK.ng 0.9% Vibration - Leaking Nitrogen (25101-D0O,Qty:l)

Worn 0.9% Worn - Out Of Syrnch (25l01-000,Qty~l)

Level,Vial Sources :1
Out of Adjustment 56.6% 53.3% out Of Adjustment - Fnd In TI/PMCS/INSP (25101-000,Qty:.2)

(25101-000,Qty:3), Out Of Adjustment - Out Of Adjustment
(25101-000,Qty:'?) (25101-ODO,Qty:B), Out of Adjustment -

Inaccurate (25101-000,Qty:19) (25101-000,Qty:22), out of
Adjustment - Out Of Synch (25101-000,Qty:l), Out Of
Adjustment - Inop/Unserviceable (25101-000,Qty:l), Out Of
Adjustment (25101-000,Qty: 1)

Aged/Deteriorated 14,2% 13.3% Deteriorated/Aged - mnop/Unserviceable (25101-000,Qty:5)
(25101-000,Qty:6), Deteriorated/Aged - Contaminated
(25101-000,Qty:l), Deteriorated/Aged - mnop Fire Control
Lig*nt (25101-.ODD,Qty:2) (25101-000,Qty:2)

Broken 9.7% 9.2% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:l)
(25101-000,Qty:l) (25101-000,Qty:1) (25101-000,Qty:2), Part
Strucek/Damaged - Broken/Damaged (25101-000,Cjty:l)
(25101-000,Oty*2), Part Struck/Damaged -Out Of Synch
(25101-000,oty:1), Intentional Damage -Broken/Damaged

(25101-000. Oty: 1)

Out of Synch. 6.2% 5.8% Out Of Synch (25101-000,Qty:1) (25101-000,Qty:3), Internal
Failure - Out Of Synch (25101-000,Qty~i), Vibration - Out of
Synch C25101-000,Qty,-2)

Lamp Failure 5.3% 5.0% Internal Failure - Inop Fire Control Light
(25101-000,Qty:l) (25101-000,Qty:3), T1nop Fire Control Light
(25l0l-000,Qty:l), No Failure - Inop Fire Control Light
(25101-OOO,Qty: 1)

Worn 4.4% 4.2% Deteriorated/Aged - Worn out (25101-000,Qty:l), Worn out
(25101-000,Qty:l), Worn - Inop/Unserviceable
(25 101-000,oty: 3)

Cracked/Fractured 3.5% 3.3% Cracked (25101-000,Qty:l) (25101-000,oty:2), Unknown-
Cracked (25101-OOO,Qty:l)

Ir~duced--------------------4.2% Item Abuse/Neglect - Inop/Unserviceablq (2510l-000,Qty:l),
Part Struck/Damaged - Batteries Boiling (25101-C'00,Qty:1),
Item Abuse/Neglect - Broken/Damaged (25101-O0O.Qty:3)

Unknown ---- 0.8% Unknown (25101-00OQty.,l)

other (0%2) ---- 0.8%
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FMD-91 __________ ___Failure Distribution Summaries 3-129
P~art r'ai~tix. Norm Fali. Data
Peuso. Mode/Mach Dizt. Dist. Source(a)/Details

~xs~ePlai .0 No Failure - Excessive Play (251021-000,Qty:l)

Lover Assembly Sources: 1

Bindcing/st~icking 33.3% 14.3% Binding/Sticking C25101-000,Oty:l) (25101-000,Qt~y:l)

Soized 33.3% 14.3% corroded-Seized (25101-000,Qty:1), Seized (251C0l-000,Qty-.l)

Broken 33.3% 14.3% Broken/Damaged (25101-000,Qty:l) (25101-000,Oty:l)

Induced ---- 57.1% Lack Of Lubrication - Binding/Sticking (25101-000,Oty:S),
Lack Of Lubrication - Seized (25101-000,Qty.l), Lack Of
Maintenance - Binding/Sticking (25101-OOO,Qty:l), Lack Cf
Maintenance - Seized (25101-000,Qty:i)

Lever, Brake Sources :1

Cracked/Fractured 50.0% 25.0% Cracked (251,01-000,Oty:1)

Broken 50.0% 25.0% Part Struck/Damaged - Broken/Damaged (25101-000,Qty:l)

Unknown ---- 25.0% Unknown (25101-000,Qty:l)

Induced ---- 25.0% Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:1)

Lever,Cam, Tube Sources :1
Out of Adjustment 38.5% 33.3k Out Of Adjustmont, (25101-000,Qty:l) (2510l-000,Qty:l), Out

Of Adjustment - Out Of Synch (2510J.-000,Qty:2), Ont Of
Adjustment - Found In TI/PMCS/Inap (25101-000,Qty:1)

O~it of Synch. 15.4% 13.3% Out Of Synch (25101-000,Oty:2)

Broken 15.4% 13.3% Broken/Damaged (25101-000,Qty:2)

Bent/Dented/Warped 15.4% 13.3% Part Struck/Damaged - Collapsed/Bent (25101-000,gty:l),
Collapsed/Bent (25101-000, Otyl )

Worn 7.7% 6.7% Worn - out of Adjustmrent (25101-O00,Qty:l)

Loose 7.7% 6.7% vibration - Loose (25101-000,Qty-l)

Induced--------------------13.3% Caused By Other Failure-Broken/Damaged (25101-000,Qty:1),
improper Maintenance - out of Adjustment (25101-000,oty:1)

Lever, Cocking Sources .1
Bent/Dented/Warped 42.9% 37.5% Collapsed/Bent (25101-000,Qty:1), Part Struck/Damaged -

Collapsed/Bent (25101-000,Qty:1), Warped/Bent - Misfire
(25 101-000 , ty: 1)

Broken 42.9% 37.5% Broken/Damaged (25101-OOO,Qty:l1, Broken/Separated-Misfire
(25101-000, Qty: 2)

Misfire 14.3%1 12.513 Misfire (25101-000,Qty:l)

induced--------------------12.5% Item Abu~se/Neglect - Broken/Damagied (251O1-000,Qty:l)
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3-130 Failure Distribution Sumrmaries FMD-91
Part Failure Norm Faii Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Light Sources: 6
Lamp Failure 45.3% 24.7% Light Bulb Failure (23038-001,Qty:l) (23038-0Ol,Oty.2)

(23038-0O2,Qty:l) (23038-002,Oty:l) (23038-003,Qty.2)
(23038-004, Qty:3) (23039-005, Qty: 1) (23038-O05,Qty. 1)
(23038-005,Q)tytl) (23038-005,0ty:l) (23038-005,Qty:l)
(23038-005,Qty:2) (23038-005, Qty:5) (23039-005, Oty: 6)
(23038-005,Oty:7) (23038-006,oty:.4), No Indicating Light
(23038-00l,Qty:l), No Indicating Lights (23038-005,Oty.-l~

Broken 32.3% 27.6% Broken (23038-002,Qty:2) (23038-002,Qty:5)
(23038-003,Qty:4) (23038-004,Oty:l) (23038-004,Oty.l)
(23038-004,Oty:l) (23038-004,Qty:l) (23038-004,Qty:l)
(23030-004,Qty:l) (23038-004, Oty:3) (23038-005, Oty: 1)
(2303e-006, Oty: 3)

Loss of Control 7.1% 3.9% Control Inoperative (23038-002,Qty:l) (23038-004,Qty.l)
(23038-004,Qty:l) (23038-004, Oty: 1) (23038-004, Qty: 1)
(23038-004,Qty:l) (23038-004,Qty.2) (23038-004,Qty:2)

Shorted 4.8% 2.6% Short Or Grounded (23038-00l,Qty:l), Sho.'rted Or Grounded
(23038-004,oty:l) (23038-004,Qty:2)

Cracked/Fractured 3.7% 2.0% Broken/Fractured (23038-002,Gty:l) (23038-002,Oty:l)
(23038-002,Qty:l), Cracked '23038-005,Qty:l)

Spurious/False Operation 3.494 1.9% Faulty Reading (23038-001,Qty:l) (23038-005,0ty:l)

Grounded 3.4% 1.9t Grounded Electricaly (23038-003,Qty:l)

Induced ---- 33.5% Missing (23038-O0l,Qty:l) (23038-00l,Qty:3)
(23038-002,Oty:l) (23038-002,Gty:l) (23038-002,Qty:2)
(23038-002,Qty:l) (23038-OO2,Qty:2) (23038-003, oty: 1)
(23038-004,Qty:l) (23038-004,Oty: 1) (23038-004, Qty:7)
(23038-005,Qty:l) (23038-005,Qty:l) (23038-005,Qty~l)
(23038-005,Qty:l) (23038-005,Qty:2) (23038-005, Qty:2)
(23038-005,Qty:3) (23038-006,Qty:3) (23038-006,Oty:3)
(23038-006,gty:-5), Wrong Part (23038-002,Qty:2)
(23038-004,oty:2) (23038-005,Qty:l), Miswired
(23038-002, Oty: 1) (23038-003, Oty:l), Iffproper Fit
(23038-004,Qty:l), Improper Energy Reap (23038-005,Oty:l)

Unknown ---- 6.6% Unknown (23O38-OO1,Qty:l) (23038-002,Qty:l)
(23038-002,Qty:-4) (?3O38-004,Qty:2) (23038-005, Qty:l)
(23038-005,Oty-l) (23038-1106,Qty:l)

other (0%3) ---- 5.3%

Degraded Operation 1.1% Weak (23038-004,Qty:3)

Corroded 0.9% Corroded (23038-002,Qty:l) (23038-004,Qty:l)

Burned/Charred 0.7% Burned/Charred (23038-004,Qty:l) (23038-005,Qty:l)

No Output 0.6% No Output (23038-002,Qty:l)

Burred 0.6% Burred (23038-002,Qty:l)

Loss of Power 0.4% Electrical Pwr Loss (23038-004,Qty:l)

Opened 0.4% Fused (23038-004,oty:1)

No Operation U.4% Inoperative (23038-005,Qty:l)

Intermittent Operation 0.4% Intermittent (23038-005,Qty:l)
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FMD-91 Failure Distribution Summaries 3-131
Part Failure Norm Fail Data
Dosc. Mode/Mach Dint. Dist. Source(s)/Details

Light,Electric, Fix Sources :l
Cracked/Fractured 42.0% 41.5% Cracked (25464-000,Qty:34)

Broken 37.0% 36.6% Broken (25464-000,Qty:30)

Lamp Failure 7.4% 7.3% Burned Out Or Defective Lamp, (25464-000,Qty:6)

Worn 6.2% 6.1% Worn, Chaffed, Frayed, or Torn (25464-000,Qty:5)

Corroded 2.3% 2.4% Corroded Mild/Moderate (25464-000,Qty,2)

Contact Failure 2.5% 2.0i Contact/Conn Defect (25464-000,Qty:2)

Loose 2.5% 2.4% Loose,Damaqed,or Missing Har (25464-000,Qty:2)

Other (0%3) ---- 1.241
Drift 1.2% Fails to Tune or Dri~fts (25464-00O,oty~l)

Light,Electric,Fix,Ground Sources:l

Broken 73.6% 73.6% Broken (25464-000,Oty:106)

Corroded 13.9% 13.9% Corroded Mild/Moderate (25464-000,Qty.-20)

Cracked/Fractured 7.6% 7.6%k Cracked (25464-000,Oty:ll)

Worn 1.4% 1.4% Worn, Chaffed, Frayed, or Torn (25464-000,oty:2)

Loose 1.4% 1.44% Loose, Damaged,or Missing Har (25464-000,Qty:2)

Binding/Sticking 1.4% 1.4% Binding Stuck or Jamnad (25464-O00,Qty:2)

Lamp Failure 0.7% 0,70 Burned Out Or Defective Lamp, (25464-000,Qty:l)

Light,Smerg. Light ALsy Sources:l
Broken 50.0% 33.3% Wire Harness Damaged - Broken/Damaged (25101-000,Qty:2)

Worn 25.0% 16.7% Worn - Inop/Unserviceable (25101-0OD,Qty:l)

Wire Failure 25.0% 16.7% Wire Harness Damaged - Inop/Unserviceable C25101-ODO,Qty:l)

Induced ---- 16.7% Item Abuse/Neglect - Broken/Damaged (25101-0O0,oty:l)

Unknown ---- 16.7% Unknown (25l0l-OOO,Qty.-l)

Link Rail Assembly Sources:l
Broken 55.6% 43.5% Broken/Damaged (25101-000,Qty:l) (2510l-000,Qty:7), Part

Struck/Damiaged - Broken/Damaged (25101-000,Qty:2)

Loose 27.8% 21.7% Worn - Loose (25101-000,oty:S)

Worn 11.1% 8.7% Worn out (25101-000,Qty-1), No Failure - Worm out
(25101-000, Oty: 1)

Excessive Play 5.6% 4.31% Worn - Excessive Play (25101-000,Qty:l)

Induced-------------------21.70 Caused By Other Failure-Broken/Damaged C25101-000,Qty:l),
Improper Maintenance -Out Of Adjustment (25101-000,Qty:3),
Lack Of Maintenance -out Of Adjustment (25101-000,oty:1)
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3-132 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/DetaIls

Liquid Crystal Disp Sources:l
Dim Rows 33.3% 33.3% Dim Rows (25014-000,Qty:44)

IC Failure 18.9% 18.9% Integrated Circuit, Blank Display (25014-000,Qty:9),
Irtegrated Circuit, Improper Characters (25014-000,Qty:16)

Flickering Rows 16.7% 16.7% Flickering Rows (25014-000,oty:22)

Manufacturing Defects 15.2% 15.2% Miscellaneous Manufacturing Defects (25014-000,Qty:20)

Zebra Strip 12.1% 12.1% Zebra Strip, Flashing Dots (25014-000,Qty:5), Zebra Strip,
Missing or Dim Columns (25014-000,Oty:ll)

Missing Rows 3.8% 3.9% Missing Rows (25014-000,Qty:5)

Lock, Traveling Sources:1
Broken 76.5% 61.9% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:3)

(25101-000,Qty:8), Vibration - Broken/Damaged
(25101-000, Qty: 14)

Cracked/Fractured 23.5% 19.0% Cracked/Split-Inop/Unserviceable (25101-000,Qty:l), Cracked
Weld-Broken/Damaged (25101-000,Qty:l), Cracked
(25101-000,Qty:l) (25101-000,Qty:2), Vibration - Cracked
(25101-000,Qty:3)

Induced 16.7% Caused By Other Failure-Broken/Damaged (25101-000,Qty:4),
Caused By Other Failure-Worn Out (25101-000,Qty:l), Lack Of
Maintenance - Broken/Damaged (25101.000,Qty:l), Stolen -
Missing (25101-000,oty:l)

Unknown 2.4% Unknown (25101-000,Qty:l)

Lunette Sources:1

Broken 66.7% 57.1% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:3)

Bent/Dented/Warped 16.7% 14.3% Unknown - Collapsed/Bent (25101-000,Qty:l)

Worn 16.7% 14.3% No Failure - Worn Out (25101-000,Qty:l)

Induced 14.3% Improper Maintenance - Broken/Damaged (25101-000,Qty:l)

Magnatron Sources:2

Gassing 60.0% 30.0% Gassing (24993-000,30.0%)

Window Failure 40.0% 20.0% Window Puncturing (24993-000,20.0%)

Induced 40.0% Cathode Degradation (Resulting Form Arcing)
(24993-000,40.0%), Failure or Degradation of the Magnetic
Circuit (22540-000,NR), Degradation in Tube Operation
(22540-000, NR)

Unknown 10.0% Unknown (24993-000,10.0%)

Other 0 .0%
Seal/Gasket Failure NR Deterioration of Seal (22540-000,NR)

Cracked Envelope NR Puncture or Crack in the Envelope (22540-000,NR)
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FMD-91 Failure Distribution Summaries 3-133
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Manifold Sources:l
Opened 73.5% 73.5% Open (24992-000,73.5%)

Closed 23.5% 23.5% Close (24992-000,23.5%)

L)aking 3.0% 3.0% Leak (24992-000,3.0%)

Mechanical Filter (Summary)
Leaking 53.7%
Loss of Control 19.9%
Improper Output 19.9%
Clogged/Clogging 6.6%

Mechanical Filter Sources:5
Leaking 53.8% 34.0% Internal Leak (24992-000,8.8%), External Leak

(24992-000,74.5%), Leaking (20609-000,Qty:428)

Improper Output 19.8% 12.5% Improper Source Output (23038-002,Qty:l)

Loss of Control 19.8% 12.5% Control Inoperative (23038-002,Qty:l)

Clogged/Clogging 6.6% 4.2% Clogged (24992-000,16.7%)

Unknown 21.7% Unknown (20609-000,Qty:243) (23038-004,Qty:l)
(23038-004,Qty:l) (23038-004,Qty,2)

Other (<%6) 15.1%

Degraded Operation 3.6% Weak (23038-004,Qty:lI

No Opezation 3.6% Inoperative (23038-004,Qty:l)

Noisy 3.6% Noisy (23038-004,Qty:l)

Cracked/Fractured 3.3% Cracked/Fractured (20609-000,Qty:106), Fatigue
Cracks-Cyclic Flow (25036-000,NR)

Broken 0.5% Broken (20609-000,gty:17)

Out of Spec. 0.5% Out of Tolerance (20609-000,Qty:16)

Burbt/Ruptured <0.1% Ruptured (20609-000,Qty:2)

Pent/Dented/Warped <0.1% Warped (20609-000,Qty:l)

Worn <0.1% Worn Out (20609-000,0ty:1)

Channeling NR Channeling-High Differential Pressures (25036-000,NR),
Channeling-Cyclic Flow (25036-000,NR)

Media Migration NR Media Migration-Vibration (25036-CO0,NR), Media
Migratinn-Cyclic Flow (25036-300,NR), Media Migration-Cold
Starts (25036-000,NR)

Disintegration NR Disintegration-Cold Starts (25036-000,NR),
Disinteqration-Embrittlement (25036-000,NR),
Disintegration-High Differential Pressures (25036-000,NR)
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3-134 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Mechanical Filter, Hydraulic, Fuel Sources :1
Out of Spec. 44.4% 42.1% Out of Specification (20609-000,Qty:S)

Improper Flow 33.3% 31.6% Improper Flow (20609-000,Qty,6)

Leaking 22.2% 21.1% Leaking (20609-000,Qty:4)

Unknown ------ 5.3% Unknown (20603-000,Qty:l)

Mechanism Percussion Sources:l
Worn 100.0% 66.7% Worn Out (25101-000,Qty:l), Worn - Worn Out

(25101-000,Qty:'), Worn - Found In TI/PMCS/Insp
(25101-000,oty:l), Worn - Inop/Unserviceable
(25101-000,Qty:l), Worn - Misfire (25101-000,Qty:l)

Unknown 22.2% Unknown (25101-000,Qty:l) (25101-000,Qty:l)

Induced 11.1% Stolen - Missing (25101-000,Qty:l)

Memory Device, Storage Device, Electronic/Magnet ic Sources :1
Unknown <0.1% Unknown (24997-000,NR)

Other ------ 100,0%

Parameter Change NR I.C. Memory: Parameter change (24997-000,NR)

Functional Fault NR I.C. Memory: Functional fault (24997-000,NR)

Open Circuit NR I.C. Memory : Open Circuit (24997-000,NR)

Surface Defects NR Discs: Abrasion of Disc Surface (24997-000,NR)

Disc Failure NR Discs: Transport & Movement Damage (24997-000,NR)

Noise Distortion NR Magnetic Tape: Noise distortion (24997-000,NR)

Broken NR Magnetic Tape: Breakage (24997-000,NR)

Worn NR Magneo.ic Tape: Near (24997-000,NR)

Mater (Summvary)
Broken 17.1%
Contaminated 17.0%
No Output 16.0%
Drift 15.4%
Seal/Gasket Failure 12.6%
Spurious/False Operation 11.7%
Opened 10.1%

Moteor sours81?
Drift 26.1% 13.1% Drift (24992-r00,50.8%), Fluctuates/Unstable

(23038-005,Qty:2), Resistance Drift in Shunt or Series
Resistance (22540-000,NR)

Limit Unadjuatable 20.0% 10,0% Unable To Adjust Lim (23038-004,Qty:l) (23038-004,Qty:6),
Unable To Ajust Lim (23036-005,Qty:1)

Spurious/False Operation 10.2% 9.1% Faulty Reading (23038-003,gty:1) (23038-004,Qty:l)
(23038-004,otysl) (23038-005,Qty:1) (23038-005, ty:2),
Improper Source output (23038-.003,Qty:1)
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FMD-91 Failure Distribution Summaries 3-135
Part Failure Norm Fail Data
Deac. blode/Mech Dist. Dist. Source(s)/Details

Meter (continued)
Broken 13.8% 6.9% Broken (23038-003,Qty:l) (23038-005,Qty:1)

(23038-005, Qty: 6)

Opened 11.7% 5.9% Open (24992-000,29.4%), Open Coil Winding (22540-000,NR)

No Output 10.2% 5.1% No Output (23038-003,Qty:2), Inoperative (23038-005,Qty:1)

Unknown ------- 33.1% Unknown (22540-000,NR) (23038-003,Qty:l) (23038-003,Qty:l)
(23038-004,Qty:1) (23038-004,oty:3) (23038-005,Oty.1)
(23038-005,Qty:4) (23038-006,Qty:l)

Induced ------- 1.3% Improper Energy Reap (23038-005,Qty:l), Improper Adjustment
(23038-005,Qty:l), Handling (24417-000,NR), Vendor Defects
(24417-000, NR)

Other (<%8) 15.5%
Shorted 4.6% Clog - Short (24992-000,11.8%), Short Or Grounded

(23038-003,Qty:l), Shorted Coil Winding (Partial)
(22540-000,NR), Shorted Coil Winding (22540-000,NR),
Short/Open Shunt Series Resistance (22540-000,NR)

Loss of Control 4.2% Control Inoperative (23038-003,Qty:l) (23038-004,oty:l)
(23038-005, gty: 1)

Incorrect Voltage 2.7% Incorrect Voltage (23038-005,0ty:1) (23038-005,Qty:3)

Cracked/Fractured 1.3% Cracked (23038-005,Oty:l) (23038-005,Qty:l)

Out of Adjustment 1.3% Out of Adjustment (23038-004,Qty:l)

Degraded Output 0.7% Low Performance (23038-005,Qty:i)

Brittle 0.7% Brittle (23038-005,Qty:l)

Electrical Overstress NR Electrical Overstress (24417-000,NR)

vlachanical Overstress NR Mechanical Overstress (24417-000,NR)

Spring Failure NR Spring Relaxation (22540-000,NR)

Diode Failur NMR Leaky Rectifier Diode (22540-000,NR), Short/Open Rectifier
Diodes (22540-000,NR)

Bearing Failure NR Bearing Near or Dirty Bearing (22540-000,NR)

Bent/Dented/Warped NR Bent or Broken Pointer (22540-000,NR)

Meter, Flow Sources:1
Degraded Output 100.0% 55.5% High Reading (Catastrophic) (24992-000,89.1%)

Induced 44.5% High Reading (Degraded) (24992-000,71.5%)

Neter,Moving Coil Sources:1
No Output 70.0% 70.0% No Reading (24990-000,70.0%)

Drift 3U.0% 30.0% Drift (24990-000,30.0%)
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3-136 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Docs. Mode/Mech Dist. Dist. Source(s)/Details

Meter,Multimeter Sources:1
Drift 100.0% 100.0% Fluctuates/Unstable (23038-001,Qty:l)

Meter,Potentiometer Sources:l

Opened 33.3% 33.3% Open (24994-000,33.3%)

Shorted 16.7% 16.7% Short (24994-000,16.7%)

Arcing/Sparking 16.7% 16.7% Arc (24994-000,16.7%)

Drift 16.7% 16.7% Drift (24994-000,16.7%)

Unstable Operation 16.7% 16.7% Unstable (24994-000,16.7%)

Meter,Potentiometer,Position Sensor Sources:l
Contaminated 100.0% 100.0% Noisy-Internal Contamination (25001-000,Qty:l)

Meter,Potentiometer,Rotary Sources:1
Out of Spec. 40.0% 21.5% Out of Tolerance (20609-000,Qty:62)

Broken 32.9% 17.7% Broken (20609-000,Qty:51)

Worn 14.8% 8.0% Wcrn Out (20609-000,Qty:23)

Opened 8.4% 4.5% Opened (20609-000,Qty:13)

Noisy 3.9% 2.1% Noisy (20609-000,Qty:6)

Unknown 38.2% Unknown (20609-000,Qty:29) (20609-000,Qty:81;

Other (<%4) 8.0%

Corroded 1.7% Corroded (20609-000,Oty:5)

Contaminated 1.4% Contaminated (20609-000,Qty:4)

Burned/Charred 1.4% Burned (20609-O00,Qty:4)

Binding/Sticking 1.4% Binding (20609-000,Qty:4)

No Operation 0.7% No Operation (20609-000,Qty:2)

Intermittent Operation 0.7% Intermittent (20609-000,Oty:2)

Out of Adjustment 0.3% Out of Adjustment (20609-000,Qty:l)

Arcinq/Sparkinj 0.3% Arcing (20609-000,Oty:l)

MHter, Ruggadized Sources :1
Seal/Gasket Failure 100.0% 75.0% Catastrophic-Opens, Glass Breakage, Open Seals-

(24993-000,75.0%)

Induced ------- 25.0% Deqradation (Accuracy! Friction, DaMping) (24993-000,25.0%)
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FMD-91 Failure Distribution Summaries 3-137
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Mater, Thermometer Sources :1
Broken 100.0% 50.0% Part Struck/Damaged - Broken/Damaged (25101-000,Qty:l),

Part Struck/Damaged - Inaccurate (25101-000,Qty:1)

Induced ------- 50.0% Fell Off Or Lost - Missing (25101-000,Qty:l), Missing
(25101-000, Qty: 1)

Meter, Time, Elapsed Sources :2
No Operation 44.4% 44.4% Inoperative-Lifted Substrate Bond Wire (10722-000,Qty:2),

Non-Functional (10722-000,Oty:l), Ceased Incrementing
(10722-000, Oty: 1)

Wire Failure 22.2% 22.2% Strained Wire (Tensile Failure) In A Coil (10722-000,Qty:2)

No Movement 22.2% 22.2% Stopped Incrementing-Broken Lens (10722-000,Qty:l), No
Indicator Movement (10722-000, Qty" 1)

Opened 11.1% 11.1% Coil Open-Tensile Failure (10722-000,Qty:l), Test Console
Intermittently Open (12702-000,NR), Mag Wheel Coil Open in
Number 2 Position (12702-000,NR)

Unknown ------- <0.1% Unknown (12702-000,NR) (12702-000,NR) (12702-000,NR)
(12702-000,NR) (12702-000,NR) (12702-000,NR) (12702-000,NR)

Other ------- 0.0%
Out of Regulation NR 12 Volt Requlator-Out of Regulation (12702-000,NR)

Transformer Failure NR Transformer, T-l, Open (12702-000,NR)

Winding Failure NR ETM Winding Open (12702-000,NR) (12702-000,NR)

Shorted NR Q-2 Transistor Shorted (12702-000,NR)

Mag Wheel Failure NE Mag Wheel (12702-000,NR), Mag Wheel Hax.gs Up (12702-000,NR)

Contaminated NR Dirty Encoder Mask (12702-000,NR)

Loose NR Course Heading Pointer Loose (12702-000,NR)

Meter,Vertical Speed Sources:l

Spurious/False Operation 37.5% 25.0% Faulty Reading (23038-001,Qty:6)

Drift 18.8% 12.5% Fluctuates/Unstable (23038-001,Qty:3)

Shorted 18.8% 12.5% Shorted Or Grounded (23038-0O1,Qty:3)

Lamp Failure 12.5% 8.3% Light Bulb Failure (23038-001,Qty:2)

Connection Failure 6.3% 4.2% Connection Defective (23038-001,0ty:l)

Incorrect Voltage 6.3% 4.2% Incorrect Voltage (23038-001,oty:l)

Unknown ------ 33.3% Unknown (23038-001,Qty:8)
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3-138 Failure Distribution Sinmaries FMD-91
2art Failure Norm Fail Data
Desc. Mode/Mech Di~st. Dist. Source(s)/Details

Microsyn Sources :1
Shorted 100.0% 100.0% 1.1 Kilohm Short From Secondary Winding To Case

(10722-000,Qty:l)

Microwave,Phase Shifter Sources:1
No Output 100.0% 100.0% No Output (25015-000,10.0%), Incorrect Outpuzt

(25015-000, 90.0%)

Microwave, Polarizer Sources :1
Change in Polariz. 100.0% 100.0t Change in Polarization -very low failure rate-

(25015-000,100.0%)

Mixer, Microwave Sources:1
Diode Failure 100.0% 100.0% Diode Fails creates Power Loss of Intermediate Frq

(25015--000,10.0%), Diode Fails - Powur decrease & High
insert:ion loss (25015-000,90.0%)

Mixer, Microwave, Electrical Sources :1
Induced <0.1% Burnout (24417-001,NR)

Other ------ 100.0%
Seal/Gasket Failure NR Seal Failure (24417-001,NR)

Worn NR Tube Wearout (24417-001,NR)

Modulator, Microwave Sources :1
Loss of Power 90.0% 90.00 Schottky Diode Failure, Power Loss (25015-000,90.0%)

No Output 10.0% 10.0% Sclottky Diode Failure, No Ouptut (25015-000,10.0%)

Modulator,Pulse Width Sources:1
Electrical Overstress 100.0% 100.0% Overstreas (10722-000,Qty:l)

Module, Frequency Standard Sources :1
No Operation 50.0% 50.0% Emitter 03 Open Inoporativ-External Overstreas

(10722-000, oty: 1)

Shift In Frequency 50.0% 50.0% Shift In Frequency (10722-000,uty:1)
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%MD-91 Failure Distribution Summaries 3-139
Fa Fail ve Norm Fail Data

slMd, ,ech Dist. Dist. Source(s)/Details

Module,Pre Amp Board Sourcesil
Output Distortion 100.0% 100.0% Output Distortion-Open Resistor Termination

(10722-000,5.0%)

Module,Solar Cell Sources:1
Cracked/Fractured 33.6% 33.6% Cracked cells (24997-000,37.1%)

Delamination 27.7% 27.7% Delamination of equipnmnt (24997-000,30.6%)

Interconnect Failure 25.0% 25.0% Interconnections (24997-000,27.6%)

Dielectric Breakdown 8.2% 8.2% Dielectric breakdown - shorts (24997-000,9.1%)

Corroded 5.5% 5.5% Corrosion (24997-000,6.1%)

Module,Torque Bridge Sourcesil
Shorted 100.0% 100.0% Pins 2 And 6 Shorted (10722-000,Qty:l)

Motor Generator Set (Summary)
Fails During operation 33.2%
Mechanical Failure 22.1%
Electrical Failure 17.2%
Bearing Failure 12.3%
Winding Failtre 12.3%
Slipring Bruch F&ilure 3.1%

Motor Generaior Set Sources:1

Mechanical Failure 56.3% 36.0% Mechanical Failure (24996-000,36.0%)

Electrical Failure 43.8% 28.0% Electrical Failure (24996-000,28.0%)

Unknown 36.0% Unknown (24996-000,36.0%)

Motor Generator Set,Diesel Sources:l
Fails During Operation 50.0% 14.0% Catastrophic-Fails While Running (18175-000,14.0%)

Out of Spec. 50.0% 14.0% Degraded - Out of Spec (18175-000,14.0%)

Unknown 72.0% Unknown (18175-000,72.0%)

Motor Generator Set,Diesel,AC Sources:1
Fails During Operation 94.8% 66.0% Catastrophic-Fails While Running (18175-000,NR)

(18175-000,14.0%) (18175-000,14.0%) (18175-000,100.0%)
(10175-000,100.0%) (18175-000,100.0%) (18175-000,100.0%)
(18175-000,100.0%)

Degraded Operation 5.0% 3.5% Degraded (18175-000,14.0%) (18175-000,14.0%)

Fails to Start 0.2% 0.1% Catastrophic-Fails To Start and Run (18175-000,1.0%)

Unknown 30.4% Unknown (18175-000,72.0%) (18175-000,72.0%)
(18175-000, 99.0%)
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3-140 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Menh Dist. Dist. Source(s)/Detail.

Motor Generator Set,Drive Sources:]
Winding Failure 44.4% 20.0% Winding Failures (24993-000,20.0%)

Bearing Failure 44.4% 20.0% Bearing Failures (24993-000,20.0%)

Slipring Brush Failure 11.1% 5.0% Slipring Brushes, and Commutators (24993-000,5.0%)

Unknown ------ 55.0% Unknown (24993-000,55.0%)

Motor Generator Set,Electric,DC Sources:l

Fails to Run,After Start 52.8% 19.0% Catastrophic-Fails Once Started (18175-000,19.0%)

Fails to Start 30.6% 11.0% Catastrophic-Fails To Start (18175-000,11.0%)

Degraded Operation 16.7% 6.0% Degraded (18175-000,6.0%)

Unknown 64.0% Unknown (18175-000,64.0%)

Mount Sources:1
Broken 59.1% 54.2% Broken/Damacged (25101-000,Qty:3) (25101-000,Qty:4)

(25101-000, Qty:6)

Excessive Play 36.4% 33.3% Internal Failure - Excessive Play (25101-000,Qty:5), No
Failure - Excessive Play (25101-000,Qty:2), Excessive Play
(25101-000,Qty: 1)

Loose 4.5% 4.2% Internal Failure - Loose (25101-000,oty:l)

Induced -.---- 8.3% Caused By Other Failure-Broken/Damaged (25101-000,Qty:2)

Nut Sources:1
Loose 100.0% 100.0% Loose (25101-000,oty:l)

Nut,Locking Sources:1
Corroded 50.0% 33.3% Corroded-Fnd In TI/PMSC/INSP (25101-000,Qty:l)

Seized 50.0% 33.3% Improper - Seized (25101-000,Qty:l)

Induced 33.3% Improper Maintenance - Broken/Damaged (25101-000,Qty:l)

Nut,Micrometer Sources:1
Out of Adjustment 100.0% 100.0% Out Of Adjustment - Inaccurate (25101-000,Qty:2)

Nut,Plain Sources:1
Loose 100.0% 100.0% Loose (25101-000,Gty:l)
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FMD-91 Failure Distribution Summaries 3-141
Part Failure Norm Fail Data
Deso. Mode/Mach Dist. Dist. Source(s)/Details

Nut, Plain, Hexagon Sources: 1
Loose 100.0% 60.0% Loose Nut(s) - Out Of Synch (25101-000,Qty:l), Vibration -

Loose (25101-000,Qty:l), Loose Bolt(s) (25101-000,Oty:l)

Induced 40.0% Fell Off Or Lost - Missing (25101-00k',Oty:l), Vibration -
Missing (25101-000,Qty:l)

Nut, Plain, Round Sources :1
Loose 58.3% 53.8% Loose (25101-000,Qty:l), Vibration - Loose

(25101-000,oty:3), Loose Nut(s) - Excessive Play
(25101-000,Qty:l), Loose Nut(s) - Abnormal Operation
(25101-000, Qty:2)

Excessive Play 25.0% 23.1% Oversize - Excessive Play (25101-000,Qty:l), Unknown -
Excessive Play (25101-000,Qty:l), Excessive Play
(25101-000, Qty: 1)

out of Adjustment 8.3% 7.7% Out Of Ajustment - Inop/Unserviceable (25101-000,Qty:l)

Worn 8.3% 7.7% Worn - Inaccurate (25101-000,Qty:l)

Induced 7.7% Improper Maintenance - Broken/Damaged (25101-000,Qty:l)

Nut, Slottec SourceVs :1
Loose 100.0% 66.7% Loose Nut(s) - Abnormal Operation (25101-000,Qty:2)

Induced 33.3% Lack Of Maintenance - Fnd In TI/PMCS/INSP (25101-000,Qty:l)

Nut, Special Sources :1
Loose 80.0% 80.0% Out Of Adjustment - Loose (25101-000,Qty:l), Loose Nut(s) -

Excessive Play (25101-000,City:2), Loose Nut(s) - Loose
(25101-000, Qty: 1)

Excessive Play 20.0% 20.0% Excessive Play (25101-000,Qty:l)

Nut,Wheel Sources :1
Loose 100.0% 16.7% Loose Nut(s) - Abnormal Operation (25101-000,Qty:l)

Induced ------- 83.3% Improper Maintenance - Worn Out (25101-000,Qty:l), Lack Of
Maintenance - Loose Bolt(s) (25101-000,Qty:l), Lack Of
Maintenance - Broken/Damaged (25101-000,Qty:1), Overtorqued
- Broken Bolt(s) (25101-000,Qtyil), Overtorqued -
Broken/Damaged (25101-000,oty: 1)

Nut,Wing Sources :1
Induced ------ 100.0% Fell Off Or Lost - Missing (25101-000,ty:'1), Lack Of

Maintenance - Missing (25101-000,Qty:l)
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3-142 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deos. Mode/Mach Dist. Diet. Source(s)/Details

One Shot Explosive Sources:1
High Pot and IR 40.4% 37.2% High - Pot and IR (24992-000,31.3%)

Ignition Failure 22.0% 20.3% Ignition Failure (24992-000,20.3%)

Output Failure 13.5% 12.5% Output Failure (24992-000,12.5%)

Mechanical Failure 9.0% 8.3% Mechanical Failure (24992-000,8.3%)

Leaking 8.4% 7.8% Leak (24992-000,7.8%)

Short - Open 5.6% 5.2% Short - Open (24992-000,5.2%)

Contact Failure 1.1% 1.0% Contact Failure (24992-000,1.0%)

Unknown 6.8% Unknown C24992-000,6.8%)

Induced 1.0% Burnout (24992-000,1.0%)

Optical,Prism Sources: I
Cracked/Fractured 50.0% 33.3% Vibration - Cracked (25101-000,Qty:l),

Cracked/Split-Inop/Unsarviceable (25101-000,gty: 1)

Loose 25.0% 16.7% Part Missing/Loose - Inaccurate (25101-000,Qty:l)

Out of Adjustment 25.0% 16.7% Out Of Adjustment - Inaccurate (25101-000,Qty:l)

Induced 33.3% Abnormal Operation (25101-000,oty:l), Dropped -
Broken/Damaged (25101-000,Qty:l)

Optical, Prism, Assembly Sources :1
Loose 40.0% 16.7% Internal Failure - Loose (25101-000,Qty:l), Part

Missing/Loose - Inop/Unserviceable (25101-000,Qty:l)

Seal/Gasket Failure 20.0% 8.3% Seals Worn - Loose (25101-000,oty:l)

Out of Adjustment 20.0% 8.3% Out Of Adjustment - Inaccurate (25101-000,Qty:1)

Aged/Deteriorated 20.0% 8.3% Deteriorated/Aged - Broken/Damaged (25101-000,Qty:l)

Induced 41.7% Internal Failure - Inaccurate (25101-000,Qty:5)

Unknown ------ 16.7% Unknown (25101-000,Qty:l) (25101-000,Qty:1)

Optoelectronic Dev.,Fiber Optic Dov Sources:1
Unknown ------ <0.1% Unknown (24997-000,NR)

Other ------ 100.0%

Worn NR ConnectoratMech. Problems-Mismating & Wear (24997-000,NR)

Mechanical Failure NR Connectors:Mech. Problems-Optical Losses (24997-000,NR)

Cable Failure NR Cable:(Breaking or Fracture) (24997-000,NR), Cable: (Optical
Losses) (24997-000,NR)
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FMD-91 Failure Distribution Sunm aries 3-143
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Optoelectronic Dev.,LED Sources:2
Opened 70.0% 70.0% High Z (24991-000,70.0%)

Shorted 30.0% 30.0% Low Z (24991-000,30.0%)

Induced <0.1% Degradation in Their Optical Power (25037-000,NR)

Optoelectronic Dev.,Fhotovoltaic Cell Sources:l
Cracked/Fractured 36.8% 33.6% Cracked Cells (25014-000,Qty:117)

Encapsulant Delamination 24.2% 22.1% Encapsulant Delamination (25014-000,Oty:77)

Interconnect Failure 22.6% 20.7% Interconnect Fractures (25014-000,Qty:64), Exposed
Interconnects (25014-CO00,ty:8)

Dielectric Breakdown 9.7% 8.9% Dielectric Breakdown (25014-000,Qty:31)

Corroded 6.6% 6.0% Wire and Terminal Corrosion (25014-000,Qty:21)

Induced 8.6% Unsoldered Interconnects (25014-000,Qty:30)

Optoelectronic Dev.,Sensor Sources:2
Opened 50.0% 50.0% High Z (24991-000,50.0%)

Shorted 50.0% 50.0% Low Z (24991-000,50.0%)

Other -------- 0.0%
Degraded Operation NR Non-recoverable Dark Current Degradation (25037-000,NR),

Junction Degradation (25037-000,NR), Localized Breakdown
(25037-000,NR)

Contaminated NR Mobile Ion Contamination (25037-000,NR), Oxide
Contamination (25037-000,NR)

Oscillator, Microwave, Fixed Sources:1

No Output 80.0% 80.0% No Output (25015-000,80.0%)

Reduced Output 10.0% 10.0% Power Reduction (25015-000,10.0%)

Shift In Frequency 10.0% 10.0% Untuned Frequency (25015-000,10.0%)

Oscillator, Microwave, VCO Sources:1

No Output 80.0% 80.0% No Output (25015-000,80.0%)

Shift In Frequency 15.0% 15.0% Untuned Frequency (25015-000,15.0%)

Reduced Output 5.0% 5.0% Power Reduction (25015-000,5.0%)

Reliability Analysis Center (RAC) • 201 Mill St., Rome, NY 13440 9 315-337-0900



3-144 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Oscillator, Microwave, YIG Sourceszi
No Output 80.0% 80.0% No Outpuat (25015-000,80.0%b)

Shift In Frequency 15.0% 15.0% Untuned Frequency (25015-000,15.0%)

Reduced Output 5.0% 5.01k Power Reduction (25015-000,5.0%)

Pad, Cushioning Sources: 1
Aged/Deteriorated 100.0% 100.0% Deteriorated/Aged - Inop/tUnserviceable (25101-000,Qty:l)

Panel, Control Sources:1
Unknown ---- <0.1% Unknown (24996-000,NR)

Pawl Sources:1
Broken 45.5% 45.5% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:l)

(25 101-000, oty: 3)

Worn 27.3% 27.3% Worn Out (25101-000,oty:3)

Excessive Play 18.2% 18.2% Internal Failure - Excessive Play (25101-000,Oty:1), Worn-

Excessive Play (25101-000,Qty:l)

Loose 9.1% 9.1% Worn - Loose (25101-000,Qty:1)

Pin Assembly Sources :1
Broken 65.0% 14.6% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:l)

(25101-OOO,Qty:2), Part Struck/Damaged - Inop/Unserviceable
(25101-000,Qty:1), Broken/Separated - mnop/Unserviceable
(25101-000,Qty:l) (25101-000,Qty:3) (25101-O00O,Qty:4)

Loose 15.0% 3.0% Stolen - Loose (251O1-0OO,Oty:l), Loose (25101-000,oty:l)
(25101-000, oty: 1)

Bent/Dented/Warped 5.0% 1.1% Collapsed/Bent (25101-000,Qty:1)

Corroded 5.0% 1.1% Corroded-Corroded (25101-000,Qty:l)

Worn 5.0% 1.1§ Worn - Inaccurate (25101-000,Qty:l)

out of Adjustment 5.0% 1.1% Out Of Adjustment - Inaccurate (25101-000,Qty:l)

induced--------------------71.9% Caused By other Failure-mnop/Unserviceable
(25101-000,Qty:l), Fell Off Or Lest - Missing
(25101-000,Qty:2) (25101-000,Qty:4) (25101-OUO,Oty:7)
(25101-000,oty:ll), Fell Off Or Lost -Found in TI/PMCS/Insp
(25101-000,Qtyzl), Item Abuse/Neglect -Missing

(25101-000,oty:l) (25101-000,oty:l), Stolen - Missing
(25101-000,Qty:2) (25101-000,Qty:3) (25101-000,0ty:6)
(25101-000,Qty:7), Wrong Part - Found In TI/PMCS/Insp
C25101-000,Qty:l), Fell Off Or Lost - Inop/Unserviceable
(25101-000,oty:l) (25101-000,Qty:l) (251,01-000,Qty: 1),
Improper Installation - Locked (25101-000,Qty:l), Missing
(25101-000,Qty:l) (25101-000,Qty:l) (25101-000,Qty:7), No
Failure - Missing (25101-000,Qty.-l), Safety Wire/Key Failure
- Inop/Unserviceable (25l01-O00,Qty:l), Safety Wire/Key
Failure - Missing (25101-000,Qty:l), Caused By Other
Failure-Missing (25101-000, Oty: 1)

Unknown ---- 5.6% Unknown (25101-000,Qty:l) (25101-000,O)ty:2)
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FMD-91 Failure Distribution Summaries 3-145
Part Failure Norm Fail Data
Dose. Mode/Mach Dist. Dist. Source(s)/Details

Pin Assembly (continued)
Unknown (cent inued)

(25101-000, Qty:2)

Pin Mechanical Sources:1
Broken 33.3% 15.4% Broken/Damaged (25101-000,Qty.l), Part Struck/Damaged - Out

Of Synch (25101-000,Qty:l)

Loose 16.7% 7.7% Vibration - Loose (25101-000,Qty:l)

Excessive Play 16.7% 7.7% Part Missing/Loose - Excessive Play (25101-000,oty:l)

Aged/Deteriorated 16.7% 7.7% Deteriorated/Aged - Broken Bolt(s) (25101-000,Qty:l)

Spring Failure 16.7% 7.7% Pring Weak - Inop/Sluggish Breech (25101-000,oty:l)

Induced 53.8% Improper Maintenance - Binding/Sticking (25101-000,Qty:l)
(25101-000,Qty:l), Fell Off Or Lost - Missing
(25101-000,Qty:l) (25101-000,Qty:l), Stolen - Missing
(25101-000,Qty:l), Fell Off Or Lost - Inaccurate
(25101-000,Qty:l), Fell Off Or Lost - Inop/Unserviceable
(25101-000,Qty:l)

Pin Mechanical,Breech Sources:1
Induced ------ 100.0% Fell Off Or Lost - Missing (25101-000,Qty:l)

Pin Mechanical,Cotter Sources:l
Broken 77.8% 28.0% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:l)

(25101-000,Qty:3), Broken/Separated-Missing
(25101-000,Qty:l) (25101-000,Qty:l)

Aged/Deteriorated 22.2% 8.0% Deteriorated/Aged - Broken/Damaged (25101-000,Oty:2)

Induced 64.0% Lack Of Maintenance - Loose (25101-000,Qty:!), Fell Off Or
Lost - Missing (25101-000,Qty:7), Improper Installation -
Missing (25101-000,Qty:l), Stolen - Missing
(25101-000,Qty:l), Improper Maintenance - Missing
(25101-000,Qty:l), Missing (25101-000,Qty:l)
(25101-000,Qty:l), Item Abuse/Neglect - Missing
(25101-000,Qty:l), Caused By Other Failure-Missing
(25101-000,oty:l), Fell Off Or Lost - Fnd In TI/PMSC/INSP
(25101-000,Qty:l)

Pin Mochanical,Firing Sources:1
Worn 50.0% 50.0% Worn - Inop/Unserviceable (25101-000,Qty:2)

Bent/Dented/Warped 25.0% 25.0% Warped/Bent - Misfire (25101-000,Qty:l)

Misfire 25.0% 25.0% Misfire (25101-000,Qty:l)
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3-146 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Msch Dist. Dist. Source(s)!/Details

Pin MechAnical. Grooved, Headed Sourcess:1
Broken 100.04 25.0% Broken/Separated - Inaccurate (25101-000,Qtydl)

Induced ---- 75.0% Fell Off Or Lost - M.issing (2510l-000,Qty.,l)
(25101-000,Qty:l), Improper Maintenance - Missing
(25101-000, Oty: 1)

Pin Mechanical,Quick Release Sources:l
Broken 96.8%k 62.5% Broken/Damaged (25101-O00,Qty:3) (25101-000,Oty:9),

Broken/Separated-Locked (25101-000, Qty:2), Broken/Separated
- Inop/Unserviceable (25101-000,Oty:12), Broken/separated -
Broken/Damaged (25101-000, Oty:4)

Bearing Failure 3.2% 2.1% Bearing Failure.-Inop/Unserviceable (25101-000,Oty:l)

Unknown ---- 18.8% Unknown (25101-000,Qty,2) (25101-000,Qty:7)

Induced ---- 16.7t Fell Off Or Lost - Missing C2510l-000,Qty:3), Item
Abuse/Neglect - Inop/Unserviceable (25101-000,Qty:l), Stolen
- Missing (25101-000,Qty:l), rell off Or Lost -

Inop/Unserviceable (25101-000,Qty:3)

Pin Mechanical, Shear Sources :1
Broken 100.0% 62.0% Broken/Damaged (25101-000,oty:3) (25101-000,Qty:16)

(2510 1-000, Qty: 84)

Induced ---- 38.0% Caused By Other Failuire-Broken/Damaged (25101-000,Qty:62),
Causftd By other Failure-Broken Bolt(s) (25101-000,Qty:l)

Pin Mechanical,Spring Sources:l
Broken 44.1% 30.0% Broken/Damaged (25101-000,Qty:l) (25101-000,Oty:l)

(25101-000,Qty:2), Broken/Separated - Inop Man Elevation
(25101-000,Qty:l), Broken/separated - Binding/Sticking
(25101-000,Qty.-l), Broken/separated - Broken/Damaged
(25101-000,Qty:l), Broken/Separated - Inop/Unserviceable
C25101-000,Qty:2), Broken/Separated - Abnormal Operation
(25101-000,Qt~y:l) (25101-000,Qty:l), Broken/Separated - Inop
Man Traverse (25101-000,Qty:l) (25101-000,Qty:2). Vibration
- Broken/Damaged (25101-000,Oty:l)

No OperAtion 26.5% 18.0% Inop/Sluggish Breech (25101-000,Qty~l), Inop Man Elevation
C25101-000,Qty:l), Fell Off Or Lost - Inop Man Elevation
(25l01-0V0,Qty:l), Fell off Or Lost - mnop Man Traverse
C25101-000,Qty~l) (25101-000,Qty:4), Inop Man Traverse
(25101-000, Qty: 1)

Loose 20.64 14.0% Part Missing/Loose - Locked (25101-000,Qty.l), Part
Missing/Loome (25101-000,Qty:l), Worn - Loose
(25101-000,Qtyrn ), Loose Screw(s) - Broken/Damaged
(25101-000,9ty:1), Part Missing/Loose - Broken/Damaged
(25101-OOO,Qty:l), Part Missing/Loose - Inop Man Traverse
(25101-000,Qty:l), Vibration - Loose (25101-000,Qty:l)

Worn 8.8% 6.0% Worn - Inop Man Traverse (25101-000,Qty:l), Worn - Noisy
(25101-000,Qty;l), Wron - Inop/Unserviceable
(226l0l-000, Oty: 1)

Induced ---- 22.0% Fell Off Or Lost - mnop/Unserviceable (25101-000,cty:l)
(25101-O0,Oty:l), Iriproper Install - Excessive Play
(25101-000,Qty:l), Iffproper Maintenance - Abnormal Operation
(25101-000,Qty:l), Vibration - Missing (25101-000,Qty:l)
(25101-000,Oty:l) (25101-000,Qty:l), Wrong Part -
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FMD-91 Failure Distribution Summaries 3-147
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Pin Mechanical, Spring (continued)
Induced (continued)

Binding/Sticking (25101-000,oty:l), Wrong Part - Inop Man
Traverse (25101-000,oty:l), Caused By Other Failure-Inop Man
Traverse (25101-000,Qty:2)

Other (<%4) 10.0%

Out of Adjustment 2.0% Out Of Adjustment - Inop/Inserviceable (25101-000,oty:1)

Aged/Deteriorated 2.0% Deteriorated/Aged - Inop Man Elevation (25101-000,Qty:l)

Cut/Scarred/Punctured 2.0% Cut-Inop Man Traverse (25101-000,Qty:l)

Binding/Sticking 2.0% Internal Failure - Binding/Sticking (25101-0C0o,Qty:l)

Excessive Vibration 2.0% Vibration - Abnormal Operation (25101-000,Qty:l)

Pin Mechanical, Straight Sources:l
Worn 57.1% 22.2% Worn - Itiop/Unserviceable (25101-000,Qty:4)

Broken 14.3% 5.6% Broken/Damaged (25101-000,Qty:l)

Misfire 14.3% 5.6% Vibration - Misfire (25101-000,Qty:l)

Loose 14.3% 5.6% Part Missing/Loose - Found In TI/PMCS/Insp
(25101-000,oty:1)

Induced 61.1% Fell Off Or Lost - Missing (25101-000,oty:l)
(25101-000,Qty:2), Improper Install - Missing
(25101-000,Qty:2), Improper Install - Misfire
(25101-000,Oty:2), Improper Maintenance - Missing
(25101-000,Qty:1), Improper Maintenance - Misfire
(25101-000,Qty:1), Missing (25101-000,Qty:l), Vibration -

Missing (25101-000,Qty:1)

Pin Mechanical, S.raight,Headed Sources:1

Broken 40.0% 33.3% Broken/Damaged (25101-000,Qty.:) (25101-000,oty:l)

Worn 20.0% 16.7% Worn - Inop/Unserviceable (25101-000,Qty:l)

Aged/Deteriorated 20.0% 16.7% Deteriorated/Aged - Broken/Damaged (25101-000,Qty:l)

Loose 20.0% 16.1% Part Missing/Loose - Missing (25101-000,Qty:l)

Induced 16.7% Vibration - Missing (25101-000,Qty:l)

Pin Mechanical,Straight,Thread Sources:l
Broken 100.0% 50.0% Broken/Damaged (25101-000,Qty:l), Part Struck/Damaged -

Broken/Damaged (25101-000,Qty:2)

Induced 50.0% Vibration - Missing (25101-000,oty:3)
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3-148 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. nist. Source(s)/Details

Pin Mechanical,Susp Lock Sources:l
Induced ------ 100.0% Safety Wire/Key Fail - Mi.sing (25101-000,oty:2), Fell Off

Or Lost - Missing (25101-000,Qty:l), Missing
(25101-000, Oty: 1)

Pin Mechanical, Tapered Sources:l
Broken 100.0% 36.4% Broken/Damaged (25101-000,Qty:4)

Induced ------ 54.5% Fell Off Or Lost - Inop/Unserviceable (25101-000,oty:2),
Vibration - Missing (25101-000,oty:2), Wrong Part -
Excessive Play (25101-000,Qty:l), Wrong Part - Fnd In
TI/PMCS/INSP (25101-000,Oty:1)

Unknown 9.1% Unknown (25101-000,Qty:l)

Pipe, Rigid, Metal Sources:1
Unkncwn ------- <0.1% Unknown (24996-000,NR)

Other ------ 100.0%
:eaking NR Leaks (24996-000,NR)

Burst/Ruptured NR Ruptures (24996-000,NR)

Fitting Failure NR Failure of Fitting (24996-000,NR)

Piston Assembly Sources:l
Seized /5.0% 60.0% Seized/Frozen - Inop/Unserviceable (25101-000,Qty:2),

Seized/Frozen - Seized (25101-000,Qty:l)

Binding/Sticking 25.0% 20.0% Internal Failure - Binding/Sticking (25101-000,Qty:l)

Inisood-rndu--d 20.0% Caused By Other Failure-Locked (25101-000,Qty:l)

Piston, Body Sources :1
Bent/Dented/Warped 42.9% 37.5% Warped/Sent - Binding/Sticking (2!101-000,Qty.2),

Warped/Bent - Locked (25101-000,Qty:l)

Seized 42.9% 37.5% Seized/Frozen - Inop/Unserviceable (25101-000,Qty:l),
Seized/Frozen - Binding/Sticking (25101-000,Qty:l),
Seized/Frozen - Abnormal Operation (25101-000,Qty:l)

Broken 14.3% 12.5% Part Struck/Damaged - Broken/Damaged (25101-000,Qty:l)

Induced 12.5% Lack Of Lubrication - Locked (25101-000,Qty:l)

Piston, Indicator Sources:1
Leaking 85.7% 75.0% No Failure - Leaking Hydaulic Oil (25101-000,Qty:ll),

Leaking Hydraulic Oil (25101-000,Qty:l)

Out of Adjustment 14.3% 12.5% Out Of Adjustment - Out Of Synch (25101-000,Qty:2)

Unknown 6.3% Unknown (25101-000,Qty:l)

Induced 6.3% Improper Adjustment - Out Of Synch (25101-000,oty:l)
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FMD-91 Failure Distribution Summaries 3-149
Part Failnir- Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Piston, Linear Sources:1
Binding/Sticking 100.0% 100.0% Binding/Sticking (25101-000,oty:l)

Pivot Sources:1
Loose 100.0% 20.0% Loose (25101-000,Qty:l)

Induced ------- 80.0% Item Abuse/Neglect - Missing (25101-000,Oty:2), Stolen -
Missing (25101-000,Qty:l), Improper Maintenance -
Broken/Damaged (25101-000,Qty:l)

Plate,Locking Assembly Sources:l
Aged/Deteriorated 100.0% 100.0% Deteriorated/Aged - Broken/Damaged (25101-000,Qty:l)

Platform Assembly Sources:l
Bent/Dented/Warped 80.0% 50.0% Collapsed/Bent (25101-000,Qty:l), Warped/Bent - Fnd In

TI/PMSC/INSP (25101-000,Qty:3)

Broken 20.0% 12.5% Broken/Damaged (25101-000,Qty:l)

Unknown ------- 25.0% Unknown (25101-000,Qty:2)

Induced ------- 12.5% Abnormal Operation (25101-000,Oty:l)

Platform Assembly, Lock/Pivot Sources:l
Broken 100.0% 100.0% Broken/Damaged (25101-000,oty:2)

Platform Assembly, Locking Sources:1
Broken 100.J% 100.0% Broken/Damaged (25101-000,Qty:l), Poor Design -

Broken/Damaged (25101-000,Qty:7)

Plug Sources:1
Loose 41.7% 35.7% Loose Nut(s) - Excessive Play (25101-000,otyz4), Loose

(25101-000,ty:l)

Excessive Play 33.3% 28.6% Excessive Play (25101-000,Qty:l) (25101-000,oty:l)
(25101-000,Qty:l) (25101-000,Qty:l)

Broken 8.3% 7.1% Broken/Damaged (25101-000,Qty:l)

Worn 8.3% 7.1% Worn - Inop/Unserviceable (25101-000,Qty:l)

Corroded 8.3% 7.1% Corroded-Seized (25101-000,Oty:l)

Unknown 14.3% Unknown (25101-000,Qty:l) (25101-000,oty:l)
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3-150 Failure Distribution Sununaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Plug, Expansion Sources 1
Worn 50.0§ 44.4% Worn - Leaking Fluid (25101-000,Qty:3), Worn - Leaking

Hydraulic Oil (25101-000,Qtyl)

Leaking 25.0% 22.2% Leaking Fluid C25l01-000,Qty:2)

Broken 12.5% 11.1% Broken/Separated-Missing (25101-000,Qty:l)

Bent/Dented/Warped 12.5% 11.1% Warped/Bent - Leaking Fluid (2510l-OOO,Qty:l)

Unkcnown ---- 11.1% Unknown (25101-0OO,Qty:l)

Plug,Machine Thread Sources:l
Broken 50,0% 17.4% Broken/Damaged (25101..OOO,Qty:3), Part Struck/Damaged -

Broken/Damaged (25101-000, Oty: 1)

Loose 12.5% 4.34 Loo3e Nut(s) - Missing (2510l-000,Qty:l)

Shorted 12.5% 4.3% Grounded/Shorted -Broken/Damaged (25101-000,Qty-l)

Out of Adjustment 12.5% 4.3% Out Of Adjustment -Inaccurate (2510l-000,Gty:l)

Leaking 12.5% 4.3% No Failure - Leaking Hydraulic Oil (2510l-O00,Oty:l)

Induced 65.2t Fell off or Lost - Missing (25101-000,Qty:4), Improper
Installation - Mirsing (2 5101-000,Qty:2), Improper
Maintenance -Broken/Damaged (25l0l-000,Oty:l), improper
Installation -Stripped (251O1-000,Qty:1), Missing
(25101-000,Qty:2), Lack Of Maintenance - Missing
(25101-000,Qty:3), Stclen - Missing (25l01-000,Qty:l),
Vibration - Missing (251O1-OOO,oty:1)

P lug, IMazzlIe Sources :1
Aged/Deteriorated 100.01 27.80 Deteriorated/Aged - Inop/Unserviceable (251O1-OOO,Qty:4),

Deteriorated/Aged - Broken/Damaged (251O1-0OO,Gty:l)

Induced ---- 66.7% Missing (251O1-UDOO,ty:l) (25101-000,Qty:9), Stolen -
Missing (25101-OOO,Qty:2)

Unknown ---- 5.6% Unknown (25101-OOO,Qty:1)

Plug, Pipe Sources ii
Stripped 60.0% 3.8% Stripped C25101-000,oty:l) (25101-000,Qty:l)

(25101-000, Qty: 1)

Seal/Gasket Failure 20.0% 1.3% Seals Worn - Leaking Hydraulic Oil (25101-OOO,Qty:l)

Broken 20.0% 1.3% Part Struck/Damaged -Broken/Damaged (25101-OOC,Qty:1)

Induced ---- 92.4% Improper Maintenance -Stripped (25101-000,Qty:l)

Operation Error - Stripped (25101-000,Qty:5), Overtorqued-
Broken/Damaged (25101-OOO,Qty:l) (25101-000,Qty:l)
(251O1-OOO,Qty:15), Improper Maintenance -Binding/Sticking

(25l0l-OOO,Qty:1), Improper Maintenance -Fnd In
TI/PNCS/INSP (251O1-OOO,Qty:1), Overtorqued -
Inop/Unservieeable (25101-000,Qty:2), Overtorqued - Stripped
(25lfil-OOO,QtyilO), Overtorqued - Fnd In TI/PWS/INSP
(251O1-000,gty:1), Inproper Installation - Stripped
(25101-000, Otys 1)

Unknown ---- 1.3% Unknown (25l0l-OOO,Qtytl)
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FMD-91 Failure Distribution Summaries 3-151
Part Failure Norm. Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Plunger Sources:1
Loose 31.3% 31.3% Worn - Loose (25101-000,Qty:5)

Worn 25.0% 25.0% Worn - Inaccurate (25101-000,oty:2), Worn - Fnd In
TI/PMCS/INSP (25101-000,Qty:2)

Excessive Play 25.0% 25.0% Worn - Excessive Play (25101-000,Oty:4)

Binding/Sticking 12.5% 12.5% Worn - Binding/Sticking (25101-000,Qty:2)

Shaft Frozen 6.3% 6.3% Shaft Frozen - Inop/Unserviceable (25101-000,Qty:l)

Plunger Assembly Sources:l

Excessive Play 50.0% 50.0% Worn - Excessive Play (25101-000,Qty:4)

Loose 37.5% 37.5% Worn - Loose (25101-000,Qty:3)

Degraded Output 12.5% 12.5% Internal Failure - Abnormal Operation (25101-000,oty:l)

Plunger,Detent Sources:l
Worn 28.6% 22.2% Worn Out (25101-000,Qty:l), Worn - Found In TI/PMCS/Insp

(25101-000,Oty:l)

Binding/Sticking 28.6% 22.2% No Failure - Binding/Sticking (25101-000,Oty:l), Improper
Adjustment - Binding/Scicking (25101-000,Qty:l)

Broken 14.3% 11.1% Broken/Damaged (25101-000,Qty:l)

Bent/Dented/Warped 14.3% 11.1% Warped/Bent - Inop/Sluggish Breech (25101-000,oty:l)

Corroded 14.3% 11.1% Corroded-Seized (25101-000,Qty:l)

Induced 22.2% Lack of Maintenance - Binding/Sticking (25101-000,oty:2)

Plunger,Firin'y Sources:l
Bent/Dented/Warped 100.0% 66.7% Warped/Bent - Binding/Sticking (25101-000,Qty:2)

Induced 33.3% Improper Maintenance - Collapsed/Bent (25101-000,Qty:l)

Pneumatic, Actuator (Summary)
Spurious Closing 54.2%
Spurious Opening 45.8%

Pneumatic,Actuator Instrument Sources:l
Spurious Closing 54.7% 41.4% Catastrophic-Spurious Closing (18175-000,41.0%)

(18175-000,41.0%)

Spurious Opening 45.3% 34.3% Catastrophic-Spurious Opening (18175-000,34.0%)
(18175-000,34.0%)

Induced ------- 24.2% Degraded - Premature Or Delayed Actuation (18175-000,24.0%)
(l1a75-O00,24.0%)
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3-152 Failure Distribution Summaries FMD-91
Part Fa"ure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Pneumatic, Actuato.: Instrument,Transducer Sources:1
Spurious Closing 54.7% 41.4% Catastrophic-Spurious Closing (18175-000,41.0%)

Spurious Opening 45.3% 34.3% Catastrophic-Spurious Opening (18175-000,34.0%)

Induced 24.2% Degraded - Premature Or Delayed Actuation (18173-000,24.0%)

Pneumatic,Actuator Instrument,Transducer,Combined PositionerSources:1
Spurious Closing 54.7% 41.4% Catastrophic-Spurious Closing (181.75-000,41.0%)

Spurious Opening 45.3% 34.3% Catastrophic-Spurious Opening (18175-000,34.0%)

Induced 24.2% Degraded - Premature Or Delayed Actuation (18175-000,24.0%)

Pneumatic, Actuator Instrument,Transducer,Electro-PntiumaticSources:1

Spurious Closing 54.7% 41.4% Catastrophic-Spurious Closing (18175-000,41.0%)

Spurious Opening 45.3% 34.3% Catastrophic-Spurious Opening (18175-000,34.0%)

Induced 24.2% Degraded - Premature Or Delayed Actuation (18175-000,24.0%)

Pneumatic,Actuator Instrument,Transducer, I/P Sources:l

Spurious Closing 52.0% 39.0% Catastrophic-Spurious Closing (18175-000,39.0%)

Spurious Opening 48.0% 36.0% Catastrophic-Spurious Opening (18175-000,36.0%)

Induced 25.0% Degraded - Premature Or Delayed Actuation (18175-000,25.0%)

Pneumatic,Diaphragm Spring Opp, Open/Close ServiceSources:1
Spurious Opening 51.1% 47.0% Catastrophic-Spurious Opening (18175-000,47.0%)

(18175-000,47.0%)

Spurious Closing 48.9% 45.0% Catastrophic-Spurious Closing (18175-000,45.0%)
(18175-000,45.0%)

Induced ------- 8.0% Degjrded - Premature Or Delayed Actuation (18175-000,8.0%)
(18175-000,8.0%)

Pneumatic,Double Acting Piston,Actuator Sources:1
Spurious Closing 50.0% 41.0% Catastrophic-Spurious Closing (18175-000,41.0%)

Spurious Opening 50.0% 41.0% Catastrophic-Spurious Opening (18175-000,41.0%)

Induced 18.0% Degraded - Premature Or Delayed Actuation (18175-000,18.0%)
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FMD-91 Failure Distribution Summaries 3-153
Part Failure Norm Fail Data
Deso. Mode/Mech Dist. Dist. Source(s)/Details

Pneumatic, Double Acting Piston, Actuator,ThrottlingSources:I
Spurious Opening 100.0% 73.0% Catastrophic-Spurious Opening (18175-000,73.0%)

Induced 27.0% Degraded - Premature Or Delayed Actuation (18175-000,27.0%)

Pneumatic, Double Acting Piston,Actuator, Throttling CompositeSources:l
Spurious Opening 100.0% 73.0% Catastrophic-Spurious Opening (18175-000,73.0%)

Induced 27.0% Degraded - Premature Or Delayed Actuation (18175-000,27.0%)

Pneumatic, Single Acting Piston, Actuator, ThrottlingSources:1
Spurious Opening 50.9% 28.0% Catastrophic-Spurious Opening (18175-000,28.0%)

(18175-000,28.0%)

Spurious Closing 49.1% 27.0% Catastrophic-Spurious Closing (18175-000,27.0%)
(18175-000,27.0%)

Induced ------- 45.0% Degraded - Premature Or Delayed Acutation (18175-000,45.0%)
(18175-000,45.0%)

Pn-eumatic,Single Acting Piston,Actuator, Throttling CompositeSources:l
Spurious Opening 50.5% 28.0% Catastrophic-Spurious Opening (18175-000,28.0%)

(18175-000,28.0%)

Spurious Closing 49.5% 27.5% Catastrophic-Spurious Closing (18175-000,27.0%)
(18175-000,28.0%)

Induced -------. 44.5% Degraded - Premature Or Delayed Actuation (18175-000,44.0%)
(18175-000,45.0%)

Pneumatic, Single Acting Piston,Open/Close ServiceSources:1
Spurious Closing 53.0% 47.7% Catastrophic-Spurious Closing (18175-000,47.0%)

(18175-000,48.0%) (18175-000,48.0%)

Spurious Opening 47.0% 42.3% Catastrophic-Spurious Opening (18175-000,42.0%)
(18175-000,42.0%) (18175-000,43.0%)

Induced ------- 10.0% Degraded - Premature Or Delayed Actuation (18175-000,10.0%)
(18175-000,10.0%) (18175-000,10.0%)

Poles,Wood Sources:2
Broken 41.7% 28.4% Split or Broken (24996-000,25.0%) (24997-000,25.016)

Internal Rotting 36.7% 25.0% Internal Rotting (24996-000,22.0%) (24997-000,22.0%)

Mechanical Damage 21.7% 14.8% Mechanical Damage from Climate Causes(Wind, Ice)
(24996-000,13.0%), Mechanical damage from climatic
causes(Wind,Ice) (24997-000,13.0%)

Induced ------- 31.8% Damage from Other Environmental Factors (24996-000,28.0%),
Damage from other environ.factors(Vehicle damage)
(24997-000,28.0%)
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3-154 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Post,Electrical SouWcs :1
Loose 100.0% 100.0% Loose (25101-000,Qty:l)

Power Supply (Summary)
No Output 25.7%
Fails To Transfer 18.1%
Incorrect Voltage 16.6%
Distribution System Malfunction 14.3%
Generation System Malfunction 12.7%
Degraded Operation 6.8%
Connector Failure 5.8%

Power Supply Sources:2
Incorrect Voltage 25.9% 23.4% Incorrect Voltage (24996-000,50.0%), Incorrect voltage

(24997-000,50.0%)

No Output 25.9% 23.4% Failure to Supply Voltage (24996-000,50.0%), Failure to
supply voltage (24997-000,50.0%)

Distribution System Malfunction 11.9% 10.8% Distribution system malfunction (24997-000,43.0%)

Connector Failure 10.8% 9.7% Specifically( Board Connectors) (24996-000,44.8%)

Generation System Malfunction 10.5% 9.5% Generation system malfunction (24997-000,38.0%)

Plastic Op Amps & Diodes Failure 9.8% 8.8% Specifically( Plastic op amps & diodes) (24996-000,40.7%)

Transmission Sys. Failure 5.3% 4.8% Transmission system malfunction (24997-000,19.0%)

Unknown ---- 4.2% Unknown (24996-000,19.4%)

Other (<%5) 5.5%

Capacitor Failure 3.2% Specifically( Small Capacitors) (24996-000,14.8%)

Potentiometer Failure 2.2% Specifically( Potentiometers) (24996-000,10.3%)

Battery Failuze NR Batteries (24996-000,NR)

Switching Circuit Failure NR Switching Circuits (24996-000,NR)

Inverter Circuit Failure NR Inverter Circuits (24996-000,NR)

Power Supply,Public Utilities Sources:l
Distribution System Malfunction 53.1% 53.1% Distribution System Malfunction (24996-000,43.0%)

Generation System Malfunction 46.9% 46.9% Generation System Malfunction (24996-000,38.0%)

Other 0.0%
Transmission Sys. Failure NR Transmission System Malfunction-19 (24996-000,NR)
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FMD-91 'Failure Distribution Summaries 3-155
Part Failure Norm Fail Data
Desc. Mode/Msch Dist. Dist. Sourco(s)/Details

Power Supply, Uninterruptable Sources:2
Fails To Transfer 47.1% 40.0% Catastrophic-Fails To Transfer (18175-000,40.0%)

No Output 35.3% 30.0% Catastrophic-No Output (18175.-000,30.0%)

Degraded Operation 17.6% 15.0% Degraded (18175-000,15.0%)

Unknown ------ 15.0% Unknowr, (18175-000,15.0%)

Other ------ 0.0%

Inverter Circuit Failure NR Inverter circuits (24997-000,NR)

Switching Circuit Failure NR Switching circuits (24997-000,NR)

Battery Failure NR Batteries (24997-000,NR)

Power Supply, Uninterruptable, Single Phase, Static InverterSources:l
Fails To Transfer 50.0% 40.0% Catastrophic-Fails To Transfer (18175-000,40.0%)

No Output 37.5% 30.0% Catastrophic-No Output (18175-000,30.0%)

Degraded Operation 12.5% 10.0% Degraded (18175-000,10.0%)

Unknown ------ 20.0% Unknown (18175-000,20.0%)

Power Supply, Uninterruptable, Three Phase, InverterSources:l

Fails To Transfer 66.7% 58.0% Catastrophic-Fails To Transfer (18175-000,40.0%)

Degraded Operation 33.3% 29.0% Degraded (18175-000,20.0%)

Unknown 13.0% Unknown (18175-000,9.0%)

Other ------- 0.0%
No Output NR Catastrophic-No Output (18175-000,NR)

Precipitator, Electrical,Pollution Control Sources:l
Electrical Failure 75.0% 75.0% Electrical Failures (24996-000,75.0%)

Mechanical Failure 25.0% 25.0% Mechanical Failures (24996-000,25.0%)

Precipitator,Equipment,Pollution Control Sourcessl

Mechanical Failure 36.9% 31.0% MAchanical Malfunction (24996-000,31.0%)

Corroded 20.2% 17.0% Corrosion and Erosion (24996-000,17.0%)

Electrical Failure 19.0% 16.0% Elwctrical Malfunction (24996-000,16.0%)

Slurry Pipelines 13.1% 11.0% Slurry Pipelines (24996-000,11.0%)

Instrument Failure 10.7% 9.0% Instrument Malfunction (24996-000,9.0%)

Unknown 16.0% Unknown (24996-000,16.0%)
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3-156 Failure Distribution Sunmmaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Preformed Packing, Telescope,Pan M113 Souicesil
Aged/Deteriorated 100.0% 100.0% Deteriorated/Aged - Internal Moisture (25101-000,Qtyzl)

Printed Wiring Assy Sourcesz3
Opened 35.8% 33.3% Opens-Excessive Axial Force On Pins (10722-000,Qty:l), Path

Open-Plating Voids In Barrel Metal (10722-000,Qty:l)

Open Plated Through Holu 20.0% 18.6% Printed Wire Board / Solder Joints (18504-021,38.0%),
Failures (Reliability) Open PT holes (24997-000,NR),
Failures (Reliability) Dielectric breakdwn/LowI.R.
(24997-000,NR)

Shorted 17.9% 16.7% Intra Layer Short-Organic Contamination (10722-000,Qty:l),
Manufacturing Defects(Quality) Short circuits (24997-000,NR)

IC Failure 12.1% 11.3% Integrated Circuits (18504-021,23A0%)

Resistor Failure 5.8% 5.4% Resistors (18504-021,11.0%)

Semiconductor Failure 5.3% 4.9% semiconductors (18504-021,10.0%)

Capacitor Failure 3.2% 2.9% Capacitors (18504-021,6.0%)

Unknown 5.9% Unknown (18504-021,12.0%)

Other (<%2) 0.9%
Connector Failure 0.9% Connectors (18504-021,1.9%)

Manufacturing Defects NR Manufacturing Defects(Quality) Line uniformity
(24997-000,NR), Manufacturing Defects(Quality) Missing lands
(24997-000, NR)

Open Circuit NR Manufacturing Defects(Quality) Open circuits (24997-000,NR)

Fatigue NR Failures (Reliability) Open circuit (Fatigue)
(24997-000, NR)

Mechanical Damage NR Failures (Reliability) Mechanical damage (24997-000,NR)

Printer,High Speed Source3:1
IC Failure 31.1% 10.4% Defective IC (19542-000,10.5%)

Motor Failure 29.3% 9.8% Motor & Roller Are Defective (19542-000,0.9%), Motor
Defective (19542-000,1.8%), Motor Jammed (19542-000,0.9%),
Motor Not Working Properly (19542-000,1.8%), Motor Shorted
(19542-000,0.9%), Ribbon Motor Inoperative (19542-000,0.9%),
Stepper Motor Defective (19542-000,1.8%), Stepper Motor Is
Inoperative (19542-000,0.9%)

Belt Failure 18.6% 6.2% Belt Is Slipping (19542-000,0.9%), Timing Belt & Pulley
Worn Out (19542-000,0.9%), Timing Belt Broken
(19542-000,1.8%), Timing Belt Damaged & Worn Out
(19542-000,0.9%), Timing Belt Worn Out (19542-000,1.8%)

Shorted 10.7% 3.6% AC Input Shorted (19542-000,0.9%), AC Input Shorted Under
Load (19542-000,0.9%), Over Current, Shorted
(19542-000,1.8%)

Transistor Failure 10.4% 3.5% Defective Transistor (19542-000,3.5%)

Unknown 33.0% Unknown (19542-000,0.9%) (19542-000,32.5%)

Induced 3.5% Parts Missing (19542-000,3.5%)

Other (%6) 30.1%
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FMD-91 Failure Distribution Summaries 3-157
Part Failure Norm Fail Data
Demo. Mode/Mach Dist. Dist. Source(s)/Details

Take-up Reel Failure 2.7% Problem With Take Up (19542-000,0.9%), Take Up Reel Latch
Is Inoperative (19542-000,1.8%)

Out of Adjustment 2.7% Roller Pressure is Low - Needs Adjustment (19542-000,0.9%),
Roller Pressure Needs Ajustment (19542-000,0.9%), Top Roller
Pressure Needs Adjustment (19542-000,0.9%)

Loose 2.6% Loose Pulley (19542-000,2.6%)

Sensor Failure 1.8% Defective Sensor (19542-000,1.8%)

Paper Feed Sys. Failure 1.8% Paper Feed Not Working (19542-000,1.8%)

Other 1.8% Paper Spindle Tension Low (19542-000,1.8%)

Bent/Dented/Warped 1.8% Print Fingers Bent (19542-000,1.8%)

Ribbon Worn 1.8% Ribbon Worn Out (19542-000,1.8%)

Potentiometer Failure 0.9% Defective Potentiometer (19542-000,0.9%)

Mechanical Failure 0.9% Feeding Mechanism Needs Repair (19542-000,0.9%)

Hammer Blower Failure 0.9% Hammer Blower Noisy (19542-000,0.9%)

Mechanical Damage 0.9% Hammer Driver Damaged (19542-000,0.9%)

Broken 0.9% Hammer Head Broken (19542-000,0.9%)

Ribbon Skewing 0.9% Has Ribbon Skewing Problem (19542-000,0.9%)

Bearing Failure 0.9% Bearings Worn Out. Requires Replacement (19542-000,0.9%)

Needs Replacement 0.9% Needs Overhaul (19542-000,0.9%)

Wire Failure 0.9% Needs Wire Replacement (19542-000,0.9%)

Jammed/Stuck 0.9% Paper Feeding Mechanism Jammed (19542-000,0.9%)

Paper Spindle Failure 0.9% Paper Spindle Rotation Slow (19542-000,0.9%)

Pully Failure 0.9% Pulley Broken (19542-000,0.9%)

Resistor Failure 0.9% Resistor R-35, Is Open (19542-000,0.9%)

Switch Failure 0.9% Ribbon Worn Out A Bad Switch (19542-000,0.9%)

Transformer Failure 0.9% Transformer Has Open Lead (19542-000,0.9%)

Printer,Low Speed Sources:1
Blown Fuse 66.6% 33.4% Fuse Blown Out (19542-000,33.3%)

IC Failure 33.4% 16.7% Defective IC (19542-000,3.6.7%)

Other (<%10) 49.90

Capacitor Failure 8.3% Defective Capacitor (19542-000,8.3%)

Relay Failure 8.3% Defective Relay (19542-000,8.3%)

Switch Failure 8.3% Defective Switch (19542-000,8.3%)

Tear Bar Failure 8.3% Tear Bar Broken (19542-000,8.3%)

Line Feed Failure 8.3% Terminal Will Not Line Feed (19542-000,8.3%)

Transformer Failure 8.3% Transformer Shorted (19542-000,8.3%)
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3-158 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist, Source(s)/Detaile

Printer,Plotter,Digital,X-Y Sources:3
Mechanical Failure 59.0% 59.0% Mechanical (24997-000,59.0%)

Electronic Circuit Failure 41.0% 41.0% Electronics (24997-000,41.0%)

Pulley Sources:1
Worn 100.0% 77.8% Due To Excessive Use (19542-000,33.3%), Worn Out

(19542-000,44.4%)

Unknown 22.2% Unknown (19542-000,22.2%)

Pump (Summary)
Leaking 55.0%
No Operation 13.6%
Shorted 12.9%
Seal/Gasket Failure 9.4%
Degraded Operation 9.1%

Pump Sources:8
Leaking 58.9% 30.4% Leak (24990-000,50.0%) (24994-000,25.6%), Leaking

(20609-000,gty:877) (24992-000,53.0%)

No Operation 16.5% 8.5% No Transmission (24990-000,50.0%), No Operation
(20609-000,Qty:82), Catastrophic-Fails While Running
(18175-000,6.0%)

Shorted 14.2% 7.3% Short (24994-000,51.3%)

Seal/Gasket Failure 10.3% 5.3% Cylinder Seals (24996-000,55.0%)

Unknown 24.8% Unknown (18175-000,92.0%) (19542-000,7.1%)
(19542-000,28.6%) (20609-000,Qty:ll) (20609-000, Qty:449)
(24996-000,39.0%) (25036-000,NR)

Induced 3.1% Defective Component (19542-000,21.4%)

Other (<%6) ------ 20.6%
Out of Adjustment 3.5% Needs Adjustment (19542-000,7.1%), Out of Adjustment

(20609-000,Qty:420)

Degraded Operation 3.3% Low Pressure (19542-000,14.3%), Output Pressure Very Low

(19542-000,'7.1%), Degraded (18175-000,2.0%)

Worn 3.2% Worn Out (20609-000,Qty:533)

Bearing Failure 3.0% Bearings (24996-000,31.0%)

Opened 2.6% Open (24994-000,18.0%)

Mechanical Failure 1.5% Case Failure (24996-000,15.0%)

Check Valve Failure 1.0% Defective Check Valve (19542-000,7.1%)

High Current 1.0% Has High ION Current (19542-000,7.1%)

Drift 0.7% Drift (24994-000,5.1%)

Cooling Failure 0.7% Cooling (24996-000,7.5%)

Intermittent Operation <0.1% Intermittent (20609-000,Qty:4)

Loss of Lubrication <0.1% Loss of Lubrication (20609-000,Qty:2)
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FMD-91 Failure Distribution Summaries 3-159
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Cist. Source(s)/Doetai.s

Pump (continued)
Other (continued)

Burned/Charred <0.1% Burned (20609-000,Qty:l)

Fatigue NR Material Fatigue (25036-000,NR)

Corroded NR Corrosion (25036-000,NR)

Cavitation NR Cavitation (25036-000,NR)

Pump, Cantrifugal (Summary)
Fails During Operation 51.1%
Degraded Operation 33.1%
Fails to Start 15.8%

Pump, Centrifugal Sources:1
Fails to Start 74.6% 33.3% Catastrophic--Does Not Start (18175-000,100.0%)

Degraded Operation 16.4% 7.3% Degraded (18175-000,8.0%) (18175-000,14.0%)

Fails During Operation 9.0% 4.0% Catastrophic-Fails While Running (18175-000,5.0%)
(18175-000,7.0%)

Unknown 55.3% Unknown (18175-000,79.0%) (18175-000,87.0%)

Pump,Centrifugal,Boric Acid Transfer Sources:l
Degraded Operation 60.0% 22.0% Degraded (18175-000,8.0%) (18175-000,25.0%)

(18175-000,33.0%)

Fails During Operation 40.0% 14.7% Catastrophic-Fails While Running (18175-000,2.0%)
(18175-000,9.0%) (18175-000,33.0%)

Unknown 63.3% Unknown (18175-000,34.0%) (18175-000,66.0%)
(18175-000,90.0%)

Pump, Centrifugal,Boron Injection Sources:l
Fails During Operation 74.3% 17.3% Catastrophic-Fails While Running (18175-000,1.0%)

(18175-000,2.0%) (18175-000,49.0%)

Degraded Operation 25.7% 6.0% Degraded (18175-000,3.0%) (18175-000,7.0%) (18175-000,8.0%)

Unknown 76.7% Unknown (18175-000,48.0%) (18175-000,91.0%)
(18175-000,91.0%)

Pump, Centrifugal,Changing/High Speed Sources:1
Degraded Operation 67.4% 31.0% Degraded (18175-000,31.0%)

Fails During Operation 32.6% 15.0% Catastrophic-Fails While Running (18175-000,15.0%)

Unknown 54.0% Unknown (18175-000,54.0%)
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3-160 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Pump, Centrifugal, Circulating Water Sources:1
Fails During Operation 82.4% 14.0% Catastrophic-Fails Waile Running (18175-000,14.0%)

Degraded Operation 17.6% 3.0% Dograded (18175-000,3.0%)

Unknown ------ 83.0% Unknown (18175-000,83.0%)

Piump, Centrifugal,Condenser Sources:1
Degraded Operation 70.8% 8.5% Degraded (18175-000,7.0%) (18275-000,10.0%)

Fails During Operation 29.2% 3.5% Catastrophic-Fails While Running (18175-000,2.0%)
(18175-000,5.0%)

Unknown 88.0% Unknown (18175-000,88.0%) (18175-000,88.0%)

Pump, Centrifugal,Condenser, Booster Sources:1

Degraded Operation 91.2% 26.0% Degraded (18175-000,15.0%) (18175-000,37.0%)

Fails During Operation 8.8% 2.5% Catastrophic-Fails While Running (18175-000,5.0%)

Unknown 71.5% Unknown (18175-000,58.0%) (18175-000,85.0%)

Pump, Centrifugal, Condenser, Circulation Sources:1
Degraded Operation 70.4% 38.0% Degraded (18175-000,38.0%) (18175-000,38.0%)

Fails During Operation 29.6% 16.0% Catastrophic-Fails While Running (18175-000,16.0%)
(18175-000,16.0%)

Unknown 46.0% Unknown (18175-000,46.0%) (18175-000,46.0%)

Pump, Centrifugal,Condenser, Motor Sources:1
Degraded Operation 62.3% 27.0% Degraded (18175-000,4.0%) (18175-000,18.0%)

(18175-000,59.0%)

Fails During Operation 37.7% 16.3% Catastrophlc-Fails While Running (18175-000,12.0%)
(18175-000,18.0%) (18175-000,19.0%)

Unknown 56.7% Unknown (18175-000,23.0%) (18175-000,70.0%)
(18175-000,77.0%)

Pump, Centrifugal,Control Rod, Drive Sources:1
Degraded operation 92.5% 74.0% Degraded (18175-000,74.0%) (18175-000,74.0%)

Fails During Operation 7.5% 6.0% Catastrophic-Fails While Running (18175-000,6.0%)
(18175-000,6.0%)

Unknown 20.0% Unknown (18175-000,20.0%) (18175-000,20.0%)

Reliability Analysis Center (RAC) 0 201 Mill St., Rome, NY 13440 a 315-337-0900



FMD-91 Failure Distribution Summaries 3-161
Part Failure Norm Fail Data
DMsc. Mode/Mech Dist. Dist. Source(s)/Details

Pump,Centrifugal,Cooling Sources:l
Fails During Operation 100.0% 100.0% Catastrophic-Fails While Running (18175-000,100.0%)

Pump, Centrifugal,Cooling, Water Sources:l
Degraded Operation 40.4% 9.0% Degraded (18175-000,1.0%) (18175-000,4.0%) (18175-000,5.0%)

(18175-000,6.0%) (18175-000,6.0%) (18175-000,8.0%)
(18175-000,33.0%)

Fails During Operation 38.5% 8.6% Catastrophic-Fails While Running (18175-000,2.0%)
(18175-000,4.0%) (181-75-000,5.0%) (18175-000,6.0%)
(18175-000,18.0%) '18175-000,25.0%)

Fails to Start 21.2% 4.7% Catastrophic-Fails To Start (18175-000,33.0%)

Unknown 77.7% Unknown (18175-000,34.0%) (18175-000,67.0%)
(18175-000,77.0%) (18175-000,89.0%) (18175-000,92.0%)
(18175-000,92.0%) (18175-000,93.0%)

Pump, Centrifugal,Reactor Building CCW Sources:1

Degraded Operation 82.4% 14.0% Degraded (18175-000,14.0%)

Fails During Operation 17.6% 3.0% Catastrophic-Fails While Running (18175-000,3.0%)

Unknown 83.0% Unknown (18175-000,83.0%)

Pump, Centrifugal,Reactor Feedwater Sources:1
Fails During Operation 56.9% 12.3% Catastrophic-Fails While Running (18175-000,5.0%)

(18175-000,9.0%) (18175-000,23.0%)

Degraded Operation 43.1% 9.3% Degraded (18175-000,1.0%) (18175-000,2.0%)
(18175-000,25.0%)

Unknown 78.3% Unknown (18175-000,5.2.0%) (18175-000,89.0%)
(18175-000,94.0%)

Pump,Centrifugal,Residual Heat Remova Sources:1
Degraded Operation 50.7% 15.0% Degraded (18175-000,7.0%) (18175-000,16.0%)

(18175-000,16.0%) (18175-000,16.0%) (18175-000,20.0%)

Fails During Operation 49.3% 14.6% Catastrophic-Fails While Running (18175-000,6.0%)
(18175-000,10.0%) (18175-000,10.0%) (18175-000,16.0%)
(18175-000,31.0%)

Unknown 70.4% Unknown (18175-000,62.0%) (18175-000,68.0%)
(18175-000,70.0%) (18175-000,74.0%) (18175-000,78.0%)

Pump, Centrifugal, Salt Water Injection Sources:1
Fails During Operation 82.8% 24.0% Catastrophic-Fails While Running (18175-000,24.0%)

Degraded Operation 17.2% 5.0% Degraded (18175-000,5.0%)

Unknown 71.0% Unknown (18175-000,71.0%)
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3-162 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Pump, Centrifugal,Service Sources:l
Fails During Operation 88.4% 53.5% Catastrophic-Fails While Running (18175-000,7.0%)

(18175-000,100.0%)

Degraded Operation 11.6% 7.0% Degraded (18175-000,14.0%)

Unknown 39.5% Unknown (18175-000,79.0%)

Pump, Centrifugal,Service, Alternating Sources:l
Degraded Operation 52.2% 12.0% Degraded (18175-000,12.0%)

Fails During Operation 47.8% 11.0% Catastrophic-Fails While Running (18175-000,11.0%)

Unknown 77.0% Unknown (18175-000,77.0%)

Pump, Centrifugal,Service,Booster Sources:l

Degraded Operation 55.6% 3K.3% Degraded (18175-000,25.0%)

Fails During Operation 44.4% 25.0% Catastrophic-Fails While Running (18175-000,20.0%)

Unknown 43.8% Unknown (18175-000,35.0%)

Pump, Centrifugal, Service, Continuous Sources:l

Degraded Operation 76.2% 16.0% Degraded (18175-000,16.0%)

Fails During Operation 23.8% 5.0% Catastrophic-Fails WAile Running (18175-000,5.0%)

Unknown 79.0% Unknown (18175-000,79.0%)

Pump, Centrifugal, Service, Salt Water Sources:l
Fails During Operation 100.0% 100.0% Catastrophic-Fails While Running (18175-000,100.0%)

Pump, Centrifugal, Service, Standby Sources:1
Fails During Operation 57.1% 57.1% Catastrophic-Fails While Running (18175-000,100.0%)

(18175-000,100.0%) (18175-000,100.0%) (18175-000,100.0%)

Fails to Start 42.9% 42.9% Catastrophic-Does Not Start (18175-000,100.0%)
(18175-000,100.0%), Catastrophic-Faila To Start
(18175-000,100.0%)

Pump, Centrifugal, Service, Water Sources l
Fails During Operation 64.8% 33.1% Catastrohic-Fails While Running (18175-000,73.0%),

Catastrophic-Fails While Running (18175-000,12.0%)
(18175-000,31.0%) (18175-000,33.0%)

Degraded Operation 35.2% 18.0% Degraded (18175-000,15.0%) (18175-000,20.0%)
(18175-000,22.0%) (18175-000,24.0%)

Unknown 48.9% Unknown (18175-000,45.0%) (18175-000,54.0%)
(18175-000,57.0%) (18175-000,64.0%)
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FMD-91 Failure Distribution Summaries 3-163
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Pump, Centrifugal,Steam Gen Feed Sources:l
Fails During Operation 60.4% 21.3% Catastrophic-Fails While Running (18175-000,11.0%)

(18175-000,16.0%) (18175-000,37.0%)

Degraded operation 39.6% 14.0% Degraded (18175-000,13.0%) (18175-000,14.0%)
(18175-000,15.0%)

Unknown 64.7% Unknown (18175-000,50.0%) (18175-000,69.0%)
(18175-000,75.0%)

Pump, Centrifugal, System Composite Sources:!

Degraded Operation 80.0% 16.0% Degraded (18175-000,16.0%)

Fails During Operation 20.0% 4.0% Catastrophic-Fails While Running (18175-000,4.0%)

Unknown 80.0% Unknown (18175-000,80.0%)

Pump, Hydraulic (Summary)
Leaking 64.4%
Cracked/Fractured 9.5%
Improper Flow 7.0%
Noisy 6.6%
No Operation 5.1%
Out of Spec. 4.0%
Intermittent Operation 3.6%

Pump, Hydraulic, Centrifugal Sources:l
Leaking 58.8% 51.4% Leaking (20609-000,Qty:15l)

No Operation 12.1% 10.5% No Operation (20609-000,Qty:31)

Cracked/Fractured 9.7% 8.5% Cracked/Fractured (20609-000,Qty:25)

Noisy 7.8% 6.8% Noisy (20609-000,oty:20)

Out of Spec. 7.0% 6.1% Out of Specitiiation (20609-000,Qty:18)

Improper Flow 4.7% 4.1% Improper Flow (20609-000,Qty:12)

Other (<%4) 12.6%

Intermittent Operation 2.7% intermittent (20609-000,Qty:8)

Displaced 2.7% Displaced (20609-000,Qty:B)

Unstable Operation 1.7% Unstable (20609-000,Qty:5)

Excessive Vibration 1.7% Vibrating (20609-O00,Qty:5)

Overheated 0.7% Overheated (20609-000,Qty:2)

Seized 0.7% Seized (20609-000,Qty:2)

Spurious/False Operation 0.7% False Response (20609-000,Qty:2)

Out of Adjustment 0.3% Out of Adjustment (20609-000,Qty:1)

Stuck Open 0.3% Stuck Open (20609-000,oty:l)

Corroded 0.3% Corroded (20609-000,Qty:l)

Contaminated 0.3% Contaminated (20609-000,Qty:i)
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3-164 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deac. Mode/Mech Dist. Dist. Source(s)/Details

Pump, Hydraulic,Centrifugal (continued)
Other (continued)

Breach 0.3% Breach (20609-000,Qty:l)

Pump, Hydraulic, Gear Sources:1
Leaking. 100.0% 100.0% Leaking (20609-000,Qty:26C)

Pump, Hydraulic, Impeller Sources:l

Leaking 69.2% 69.2% Leaking (20609-000,Qty:9)

Noisy .- T.4% 15.4% Noisy (20609-000,Qty:2)

Ereach 7.7% 7.7% Breach (20609-000,Qty:l)

No Operation 7.7% 7.7% No Operation (20609-000,Qty:l)

Pump, Hydraulic, Manual Sources:l
Leaking 53.9% 53.9% Leaking (20609-000,Qty:41)

Improper Flow 46.1% 46.1% Improper Flow (20609-000,Qty:35)

Pump, Hydraulic, Piston Sources :1
Cracked/Fractured 41.5% 38.6% Cracked/Fractured C20609-000,Qty:44)

Noisy 23.6% 21.9% Noisy (20609-000,Qty:25)

Intermittent Operation 16.0% 14.9% Intermittent (20609-000,Qty:17)

Out of Spec. 10.4% 9.6% Out of Specification (20609-000,Qty:l1)

No Operation 4.7% 4.4% No Operation (20609-000,Qty:5)

Improper Flow 3.8% 3.5% Improper Flow (20609-000,Qty:4)

Other (<%3) . . 7.0%
Unstable Operation 1.8% Unstable (20609-OOC,Qty:2)

Leaking 1.8% Leaking (20609-000, Qty:2)

Out of Adjustment 0.9% Out of Adjustment. (20609-000,Gty:l)

Spurious/False Operation 0.9% False Response (20609-000,Qty:l)

Displaced 0.9% Displaced (20609-000,Qty:i)

Breach 0.9% Breach (20609-000,gty:l)
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FMD-91 Failure Distribution Summaries 3-165
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Pump, Hydraulic, Piston, Axial Sources :1
Intermittent Operation 50.0% 50.0% Intermittent (20609-000,oty:l)

Stuck Closed 50.0% 50.0% Stuck Closed (20609-000,oty:l)

Pump, Hydraulic, Piston,Radial Sources!-1
Leaking 50.0% 50.0% Leaking (20609-000,Oty:l)

Noisy 50.0% 50.0k Noisy (20609-000,Oty:l)

Pump,Positive Displacemen (Summnary)
Degraded operation 68.8%
Fails During Operation 31.2%

Pump,Positive Displacemen Sources:l
Fails During Operation 94.1% 8.0% Catastrophic-Fails While Running (18175-000,7.0%)

(18175-000, 9.0%)

Degraded Operation 5.9% 0.5% Degraded (18175-000,1.0%)

Unknown ---- 91.5% Unknown (18175-000,90.0%) (18175-000,93.0%)

Pump,Positive Displacomen,Service,Composite Sources:1

Fails During Operation 90.0% 9.0% Catastrophic-Fails While Running (18175-000,9.0%)

Degraded Operation 10.0% 1.0% Degraded (18175-000,1.0%)

Unknown ---- 90.0% Unknown (18175-000,90.0%)

PUMP, Po3itiVe Displacemen, Service,Continuous Sources:1
Degraded Operation 81.911 34.7% Degraded (18175-000,14.0%) (18175-000,45.0%)

(18175-000, 45.0%)

Fails During Operation 18.1% 7.7% Cata~strophic-Fails When Running (18175-000,10.0%),
Catastrohic-Fails While Running (18175-000.10.0%),
Catastsrophic-Fails While Running (18175-000,3.0%)

unknown ---- 57.7% Unknown (181"15-000,45.0%) (18175-000,45.0%)
(18175-000, 83.0%)

Quadrant Fire Contrl Sources:2
Out of Adjustment 26.3% 17.9% Loose Clamyp(s) - Out Of Adjustment (25101-000,Oty:1), out

Of Adjustment - Binding/sticking (25101-000,Qty:1)
(25101-000,Qty:l), Vibration - Out Of Adjustment
(25101-000,Qty:1), Out Of Adjustment (251C1-000,Oty:l)
(25101-000,Qty:3), Out Of Adjustment - Out Of Adjustment
(25101-000,Qty:l), Loose Screw(s) - Out Of Adjustment
(25101-000, Oty: 1)

Broken 23.7% 16.1% Part Struck/Damaged - Inop/Unserviceable (25101-000,Qty:l),
Broken/Damaged (25101-O00,Qty:1) (25101-000,Qty:l)
(251O1-OOO,Qtyml) (25101-000,Qty:2) (2510l-OOO,Qty:2), Part
Struck/Damaged - Broken/Damaged (25101-000,Qty:1)
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3-166 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deac. Mode/Much Dist. Dist. So.urce(s)/Details

Quadrant Fire Contrl (continued)
Excessive Play 21.1% 14.3% Excessive Play (25101-000,Qty:l) (25101-000,Qty:l)

(25101-000,Qty:2), Poor Design - Excessive Play
(25101-000,Qty:4)

Worn 10.5% 7..% Worn/Stripped - Out Of Adjustment (25101-000,Qty:l)
(25101-000,Qty:l), Worn - Out Of Adjustment
(25101-000,Qty:l), Worn - Out of Synch (25101-000,Qty:l)

Out of Synch. 10.5% 7.1% Internal Failure - Out of Synch (,Qty:l) (25101-000,Qty:l)
(25101-000,Qty:l), Vibration - Out Of Synch
(2510l-000,Qty:l), Out Of Synch (25101-000,Qty:l)

Seal/Gasket Failure 7.9% 5.4% Seals Worn - Leaking Hydaulic Oil (25101-000,Qty:l), Seals
Worn - Binding/Sticking (25101-000,Qty:2), Seals Worn -
Corroded (,Qty:l), Seals Worn - Seized (,Qty:l)

induced .......- 10.7% Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:l)
(25101-000,Qty:l) (25101-000,Qty:l), Improper Adjustment -
Inaccurate (25101-000,Qty:l), Item Abuse/Neglect - Out Of
Synch (25101-000,Qty:l), Improper Adjustment - Out Of Synch
(25101-000,Qty:l)

Unknown ------- 3.6% Unknown (25101-000,Qty:l) (25101-000,Qty:l)

Other (<%6) ------- 17.9%
Lamp Failure 3.6% Internal Failure - Inop Fire Control Light

(25101-000, Qty:2)

Skipping 3.6% Skips (25101-000,Qty:2), Internal Failure - Skips (,Qty:l),
Worn - Skips (,Qty:l)

No Operation 1.8% Part Struck/Damaged - Inop Fire Control Light

(25101-000,Qty:l), Poor Design - Inop/Unserviceable (,Qty:l)

Moisture Intrusion 1.8% Internal Moisture (25101-000,Qty:l)

Binding/Sticking 1.8% Gears Binding - Seized (25101-000,Qty:l)

Cracked/Fractured 1.8% Cracked/Split-Inop Fire Conrol Light (25102-000,Qty:1)

Loose 1.8% Loose Wire(s) - Inop Fire Control Light (25101-000,Qty:l)

Bearing Failure 1.8% Bearing Failure - Excessive Play (25101-000,Qty:l)

Rail & Plate Assy Sources:l
Broken 100.0% 88.9% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:15)

Induced ------- 11.1% Improper Maintenance - Collapsed/Bent (25101-000,Qty:l),
Improper Maintenance - Broken/Damaged (25101-000,Qty:l)

Rail Assembly Sources:l
Broken 100.0% 75.0% Broken/Damaged (25101-000,Qty:2), Part Struck/Damaged -

Broken/Damaged (25101-000,0ty:1)

Induced ------- 25.0% Improper Install - Broken Damaged (25101-000,Qty:l1
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FMD-91 Failure Distribution Summaries 3-167
Part Failure Norm Fail Data
Dest. Mode/Mach Dist. Dist. Source(s)/Details

Rear Traverse Assy Sources :1

Binding/Sticking 100.0% 100.0% Binding/Sticking (25102-000,Qty:l)

Recoil Cylinder Assy Sources:1
Contaminated 75.0% 75.0% Contaminated (25101-000,Qty:3)

Cracked/Fractured 25.0% 25.0% Cracked/Spli.-Contaminated (25101-000,oty:l)

Recorder, cassette,Tape Reel Sources:2
Unknown <0.1% Unknown (24996-000,NR) (24997-000,NR)

Other ------ 100.0%
Intermittent Operation NR Distorted or Intermittent Output (24996-000,NR)

Incorrect Drive Speed NR Incorrect Drive Speed (24996-000,NR), Incorrect drive speed
(24997-000, NR)

No Operation NR Failure to Operate (24996-000,NR), Failure to operate
(24997-000,NR)

Output Distortion NR Distorted or intermittent output (24997-000,NR)

Recticle Slide Assy Sources:l
Cracked/Fractured 100.0% 100.0% Vibration - Cracked (25101-000,Qty:l)

Recup Cyl Head Assy Sourcea:l

Leaking 66.7% 66.7% Leaking Hydraulic Oil (25101-000,Qty:4)

Broker, 16.7% 16.7% Part Struck/Damaged - Fnd In TI/PMCS/INSP (25101-000,Qty:l)

Seal/Gasket Failure 16.7% 16.7% Seals Worn - Leaking Hydraulic Oil (25101-000,Qty:l)

Reflector Sources:1
Broken 100.0% 100,0% Part Struck/Damaged - Broken/Damaged (25101-000,Qty:1'

Regulator Sources:2

Closed 20.7% 14.4% Closed (24994-000,28.8%)

Opened 20.7% 14.4% Open (24994-000,28.8%)

No Output 20.0% 13.9% Loss Electrical Pwr (23038-001,Qty:3), No Output
(23038-001,1Qty:2)

Leaking 19.8% 13.8% External Leak (24994-000,27.5%)

Degraded Output 10.7% 7.5% Insufficient Output (24994-000,14.9%)

Incorrect Voltage 8.0% 5.6% Incorrect Voltage (23038-001,Qty:2)

Unknown 16.7% Unknown (23038-001,Qty:6)

Induced 2.8% Caused By Other Dev. (23038-001,Qty:l)
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3-168 Failure Distribution Summaries _ ___FMD-91

Part Failure Norm Fail Data
Doeo. Mode/Mach Dist. Dint. Sourco(s)/Detaila

Other (05) ----- 11.1%-
Spurious/False Operation 2.8t Faulty Reading (23038-001,Qty:l)

Out of Adjustment 2.8% Out Of Adjustment (23038-O0l,Qty:1)

DLift 2.8% Drifts (23038-001,Oty:1)

Incorrect Current 2.8% Incorrect Current (23038-0Ol,gtytl)

Relay (Summary)
Intermittent Operation 26.1%
Contact Failure 22.7%
Shorted 18.8%
Fails to Close 18.0%
High Contact Resistance 14.54d

Relay Sources 18
Contact Failure 2'1.14 12.9% Abnormally High Contact Resista.nce (25016-000,NR), Contact

(24990-000,90.0%), Contact Chatter (24992-000,5.7%), Contact
Resistance (24992-000,1.40), Contact Failures
(24993-000,75.0t), Contact Defective (23038-002, Qty:1)
C23038-003,Qty:l), Contact/Conn Defect (23038--004,Qty.l)
(23038-004,Qty:l), Normally Cloned Contacts Were
Intermittent (1D722-O00,Oty:l), Overstressed Contacts
(24417-00l,NR)

Aluminum Migration 16.6% 7.9% Open-Op. Coil (2500D-000,Oty:l) (25000-000,Qty:l), Coil
(24990-000,10.0%), Coil Open (24992-000,6.6k), Coil Unstable
(24992-000,48.5t), Coil Drift (24992-000,12.891), Open Coils
(24417-O01,NR) (24993-000,5.0t), High Coil Resist-lire
Insul. Damaged During Windin (10722-000,Qty:1), open Coil
Wire-Appears To Be Cut; Process Flaw (10722-000,Qty:l),
Intermittent Open Coil (10722-000,Qty:l)

High Contact Resistance 15.9% 7.6% Open-Op. Contacts (250C0-000,Qty:2) (25000OO00,Qty:3)
(25000-000,Qty:3) (25000-000,Qty-:4) (25000-000,Qty:4)
(25000-000,Qty:5) (25000-OODQty:7) (25000-000, Qty: 10),
Open-General (25000-000, Oty: 1) (25000-000, Oty: 2)
(25000-000,Oty:2) (25000-000, Oty:2) (25000-000,Qty:3)
(25000-000,Qty.6) (25000-OOD,Qty:20) (25000-000,Qty:20)
(25000-000,Qty:63), Parameter Drift-High Contact Resistance
(25000-000,Qty:1) (25000-000,Qty:l) (25000-000, Qty:l)
(25000-000,Qty:-2) (25000-0OO,Qty:2) (25000-000,Qty:2)
(25000-000,Qty:2) (25000-000,Qty:2) (25000-O00,oty:3)
(25000-O0D,Qty:5) (25000-D0O,Qty:6) (25000-DOO,Qty:6)
(25000-00U,Qty:7) (25000-OOO,Qty:14) (25000-000,Qty:56),
Open-Open Contacts (25000-OO0,Qty:2) (25000-O00,Qty:3),
Contact Arc (24992-000,3.6%k), Contact Open
(V"992-000,13.6%) , Open (17867-OOO,Qty:4) (17867-000.Oty:7)
(23038-001,Qty:l) (23038-0O2,Qty:1), Opened
(20609-000,Qty:1e4), Electrically Open-External Overstress
(10722-DD0,Qty:l), open Contacts (24417-001,NR)

Intermittent Operation 12.1% 5.8% Intermittent-Noise (25000-0OO,Qty:2) (25000-000,Qty:l0)
(25000-000,gty:22) (25000-OOD,Qty:90), Intermittent-Bounce
(25000-000,Qty:1) (25C00-00,Qty:2) (25t0O-0O0,Qty:2)
(25000-000,Qty :2) (25000-000, Qty: 2) (25000-000, Qty:2)
(25000-OOO,Qty:2) (25000-0OO,Qty.:2) (25000-000,Qty-2)
(25000-O00,Qty.3) (25000-O00,Qty:3) (25000-000,Qty:3)
(25000-OO0,Qty:4) (25000-000,Qty:4) (25000-OOO,Qty:4),
Intermittent-Mibs (25000-ODD, Oty: 2) (25000-000, Oty: 2)
(25000-000,gty:3) (25000-OOO,Oty:5) (25000-OO0,Qty:6)
(25000-000,Qty.6) (25000-000,oty:12) (25000-000,Qty:.21)
(2S000-000,Qty:31), Intermittent-General (25000-000,Qty:2)
(25000-000,Qty.1) (25000-0DD,Qty:1) (25000-000. Qty:2)
(25000-000,oty:4) (25000-O0O,Qty:7) (25000-000,Qty:B)
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FMD-91 Failure Distribution Summaries 3-169
Part Failure No"Ii Fail Data
0050. Mode/M~ch E'ict. Dist.. Source(a)/Details

Relay (continued) -_____________-__

intermittent Operation (continued)
(25000-000,Qtyt9) (25000-000,Qty:9) (25000-000,Qty:lt))
intermittent (1786 7-0OOQty:S) (17867-000,Qty:l0)
(20609-000, Qty:03) (23039-002, Oty: 1)

Shorted 10.5% 5.0% Short-Sh. Contacts (25000-000,Qty:l) (25000-000,Qty:4)
(25000-O00,tQty:4) (25000-000,Qty:4) (25000-D00,Qty:B)
(25000-000,Qty:l1), Short-Dielectric Strength
(25000-000,Qty:1) (25000-000,Oty:l) (25000-000,oty:l)
(25000-000,Qtycl) (25000-000,Qty:2) (25000-000,oty:-2)
(25000-000,Qtys3) (25000-000,0ty:4) (25000-000,oty:5)
(25000-000,Qty:21), Short (17867-000,(Qty:l)
(20609-000,Qty:30) (23038-002,Oty:l) C23038-002,oty:4)
(25000-000,Qty:4) (25000-OOO,Qty:5), Short-Shorted Contacts
(25000-000,Qty:3) (25000-O20,Qty:6), Short-Shorted Coil
C25000-000,Qty:4), Contact Short Circuit (25016-000,11R),
Contact Short (24992-000,2.2t), Coil Short (24992-000,3.6t),
Short/Grounded (23038-00l,Qty:l) (2303B-002,Qty:2), Grounded
Electricall (23038-001,Qty:l), Short Or Grounded
C23038-00l,Oty:l), Shorted Or Grounded (23038-00l,Qty:l)
(23038-003,Cty:2) C23038-003,Qty:4) (23038-004,oty:3),
Shorted Or Ground (23038-002,Qty:l), Grounded Electrically
(23038-003,Oty:l), Short-Drooping/Shorting Leadiwre
(10722-000, Oty: 1)

Loss of Control 9.5% 4.5% Control Inoperative (23038-00l,Qty:l) (23038-001,Oty:l')
(23038-00l,Qty:l) (23038-00l,oty:2) (23O38-002,Oty; 1)
(23038-002,Qty:l) (23038-002,Qty:5) (23038-002,Qty:7)
(23038-003,Qty:l) (23038-003,oty: 6) (23O38-004,Qty: 1)
(23038-004,Qty:l) (2303B-005,Qty:l) (23038-006,Oty:2)
(23038-006, Qty: 7)

Spurious Opening 8.3% 3.9% Catastrophic-Spurious open (18175-000,59.0%)

Unknown ---- 22.5% Unknown (10722-000,Qty:l) (17867-000,Qty:l)
(17867-000,Qty:l) (18175-000, 17.0%) (2O6O9-000,oty:1)
(20609-000,Qty:62) (20609-000,Qty:284) (23038-00l,Qty:1)
(23038-00l,Oty:l) (23038-00l,Oty: 1) (23038-001, Qty: 1)
(23038-00l,Qty:l) (23038-O0l,Qty:2) (23038-00l,Qty:2)
(2303S-001,Qty:2) (23038-002,Oty:l) (23038-002,Qty:l)
(23038-002,Qty:!) (23038-002,Qty:2) (23038-002,Qty:2)
(23038-002, Qty:4) (23038-002,Qty:41 (23038-002, Qty:25)
(23038-002,gty:36) (23038-003,Qty:l) (23038-003,Qty:l)
(23038-003,Qty:l) (23038-003,Qty:2) (23038-003,Qty:3)
(23038-003,Qty:7) (23038-004,Qty:l) (23038-004,Qty:l)
(23038-004,Qty:l) (23038-004,Qty:l) (23038-004,Qty:l)
(23038-005,Qty:l) (23038-005,Qty:l) (23038-005,Qty:2)
(23038-005,Qty:2) (23038-005,Oty:3) c23038-006, oty: 7)
(23038-006,oty:8) (230:38-006,Oty:l0) (24993-000,20.0%)
(25000-O00O,Cty:8) (25000-000,Qty:9)

Induced--------------------10.0% Abnormal Operate Time (25016-000,NR), Weak/Low Performance
(17867-000,Qty:l), Missing (23038-01,Qty:l)
(23038-00l,Qty:3) (23038-002,Qty:i) (23038-002,Qty:l),
Caused By Other Dev (2O303-001,Gty:l), Improper Energy Reap
(23038-002,Qtyzl) j23039-002,Qty:l) (23038-002,caty:l),
Caused By Other 0ev. (23038-002,Cty:1) (23038-002,Qty:l)
(23038-002,(Qty:l) (23038-003,Qty:l) (23038-003,Qty:2)
C23038-003,Qty:,5) (23038-006,Qty:-2), Maintenan~ce Error
(23038*-002,Qtytl), Polarity Reversed C23039-003,Qty: 1),

Damaqed For Test Pur (23038-003,Qty:l), Wrong Part
(23038-004,Qty:l), Defective (25027-000,Qty:l)
(25027-000,Qty:l) (25027-000,Qty:l) (25027-000, Oty: 1)
(25027-000,gty:l), High Inrush Current (24417-00l,NR), High
Inrush Coil Current (Inductive Kick) (24417-00l,NR)

Other (0%4)------------------19.80
Broken 2.0% Broken/Damaged (17867-000,Gty:l), Broken (23038-002,Qty:2)

(23030-003,Qty:l) (23038-004,oty:l) (23038-004,oty:l)
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3-170 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Doea. Mode/Mach Dist. Dist. Bource(s)/Details

Relay (continued)
other (continued)

(23038-004,Qty:2) (23038-005,Qty:l)

Degraded Operation 1.6% Degraded (18175-000,24.01) (20609-000,Oty:4)

Connection Failure 1.5% Electrical Conn Def (23038-006,Qty:4) C23038-006,Qty.:9)

Lamp Failure 1.3% No Indicating Light (23038-001,Qty:2) (23038-002,Qty,2),
Light Bulb Failure (23038-002,oty:4) (23038-003,Qty:l)
(23038-005, Qty: 1)

Seal Failure 1.2% Sesl Leak (25000-000,Qty:l) (25000-000,Oty:l)
(25000-000,Qty:l) (25000-O00,Qty:2) (25000-000,Qty:2)
(25000-000,Qty:2) (25000-0OO,Oty;3) (25000-000,Qty:4)
(25000-000,Qty:7) (25000-000,Qty:16) (25000-000,Oty:18)
(2.5000-000,Qty,20) (25000-000,Qty:29) (25000-000,Qty.:29)
(25000-000, Qty: 59)

Incorrect Voltage 1.1% Incorrect Voltage (23038-002,Qty.,l) C23038-002,oty:l)
C23038-003,Qty:l) (23038-003,Qty:l) (23038-004,Oty:l)
(23038-005, Oty: 1)

Jammed/Stuck 0.9% Hang-up C25016-000,NR), Arm Stuck (l7867-OOO,Oty:l), Latch
Up-Shorted/Cracked FET Die (10722-000, Oty: 1)

No Output 0.8% No output (23038-002,Qty:2) (23038-003,Qty:l)
(23038-003,Qty:l) (23038-005,Qty:l)

Lass of Power 0.7% Electrical Pwr Loss (23038-002,Qty:l) (23038-003,Qty:2)
(23038-006,Qty.1), Power Loss (23038-006,Qty:3)

Fails to Open 0.7% Failure to Open Circuit (25016-000,NR), Normally Open~
Contacts Were Welded Together (10722-000,oty:1)

Burned/Charred 0.6% Burned/Charred C23038-003,Qty:3), Burned C20609-000,Qty:31)

Arcing/Sparking 0.6% Arcing (20609-OOO,Qty:5) (23038-001,Qty:-3)

No Operation 0.6%4 No Operation (20609-000,Qty:19) (25016-000,NR), Inoperative
(23038-002,Qty~l) (23038-003, Qty:l) (23038-004,Qty.-l)

Unstable Operation 0.5% Fluctuates, Unstable (23038-001,Qty:l), Fluctuates
(23038-002,oty:l) (23038-002,Qty:2), Unstable
(23038-003, Qty: 1)

Spurious/False Operation 0.4% Faulty Reading (23038-006,Qty:3), False Response
(2060 9-000, Qty: 10)

Audio Fault/Failure 0.4% Auidio Faulty (23038-002,Qty:l) (23038-006,Qty:3)

Out of Adjustment 0.4% Out Of Adjustment (23038-002,Qty:l) (23038-002,Qty:l),
Adjustment improper (23038-004,Qty:l)

Contaminated 0.4% Dirty (23038-00l,Qty:l) (23038-002,Qty:l), Contaminated
(20609-000,gtysl5), Contamination (13933-000,NR)
(24417-001, NR)

corroded 0.4% Corrosion (25000-000,Qty:12), corroded (23038-004,Qty:l)

Improper Output 0.3% Improper Source Output (23038-002,Qty:l) (23038-002,oty:3)
(23038-003, Oty: 1)

Insulation Resistance Drift 0.3% Parameter Drift-Insulation Resistance (25000-000,Qty:l)
(25000-000,Qty:l) (25000-000,Qty:l) (25000-000,Qty:l)
(25000-000,Qty:2) (25000-000,Qty:2) (25000-000,Qty:2)
(25000-000,Qty:2) (25000-000,oty:3) (25000-000,Qty:3)
(25000-000, Qty: 4) (25000-000, Oty: 4) (25000-000, Qty: 6)
(25000-000, oty: 14)

Burred 0.3% Burred (23038-001,Qty:l) (23038-002,Qty.-l)
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FMD-91 Failure Distribution Summnaries 3-171
Part Failure Norm Fail Data
Demo. Node/Mech Dist. Dist. Source(s)/Detaile

Relay (continued)
Other (continued)

(23038-002,Qty: 1)

insulation Failure 0.3% Insulation Breakdown (23038-0O Qty~l)

Fails to Start 0.3% Starting Stall (23039-004,Qtyzl)

Loose 0.3% Loose (23038-004,Qtyil)

Binding/Sticking 0.3% Sticky (23038-00l,Qty:l), Binding (20609-000,Qtyil0)

Overheated 0.2t overheating (23038-002,oty:-2), Overheated
(20609-000, oty: 19)

Stuck Open 0.2% Stuck Open (20609-000,oty:30)

Drop Out Volt. Drift 0.2%k Parameter Drift-Drop out Voltage (25000-000,Qty:l)
(25000-000,Qty:l) (25000-000,Qty:3) (25000-000,Qty:3)
(25000-000,Qty:4) (25000-000,Qty:7) (25000-000,Qty:l7)

Parameter Drift 0.2% Parameter Drift-General (25000-000,NR) C25000-000,Qty:l)
(25000-000,oty:3) (25000-000,Oty:5) (25000-000,Qty:E)
(25000-000,Qty:9) (25000-000,Qty:10)

Mechanical Damage 0.1% Mechanical Damage (25000-000,Qty:l) (25000-000,Qty:l)
(25000-000,Qty:l) (25000-000,Qty:2) (25000-000,oty:3)
(25000-000,gty:3) (25000-000,Qty:3) (25000-000,Qty:9)

Drift 0.1% Drift C20609-000,Oty:17)

Out of Spec. 0,1% Out of Tolerance C20609-ODO,Qty:3), Out of Specification
(20609-000, Qty: 10)

Cracked/Fractured 0O.li Cracked/Fractured (20609-00D,oty:12)

Stuck Closed <0.11b Stuck Closed (20609-000,oty:l0)

Worn (0.1%b Worn Out (20609-000,Qty:9)

Noisy <0.10 Noisy (20609-000,Qtyz9)

Contact Chatter <0.10 Excessive Contact Bounce (25016-000,NR), Chatter

(25016-000,NR), Chattering (23038-002,Qty:l)

Delta Op. Time Drift <0.1% Parameter Drift-Delta Operate Time C25000-000,oty:l)
(25000-000,Qty:-2) (25000-000,Q)ty:2)

Delta R Drift <0.1% Parameter Drift-Delta R (25000-000,oty:l)

Degraded Contact NR Poor Contact Alignment (244 17-001,NR)

Spring Failure NR Loss of Resiliency in Springs (24417-D01,NR)

Relay, Composite Sources :1
Degraded operation 100.0% 26.00 Degraded (189175-000,26.00)

Unknown ---- 74.00 Unknown (18175-000,15.0%k) (18175-000,59.0%)
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3-172 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
D•mc. Model/Mch Dist. Dist. Source(m)/Details

Relay, Composite,Auxilitary Sourcem:1
Spurious/False Operation 80.0% 40.0% Catastrophic-Spurious Operation (18175-000,80.0%)

Degraded Operation 20.0% 10.0% Degraded (18175-000,10.0%) (18175-000,10.0%)

Unknown 50.0% Unknown (18175-000,10.0%) (18175-000,10.0%)
(18175-000,90.0%)

Relay,Composite,Control Sourcesel
Spurious/False Operation 66.3% 57.0% Catastrophic-Spurious Operation (18175-000,57.0%)

Degraded Operation 33.7% 29.0% Degraded (18175-000,29.0%)

Unknown 14.0% Unknown (18175-000,14.0%)

Relay,Composite,Protective Sources:1
Degraded Operation 52.3% 35.5% Degraded (18175-000,29.0%) (18175-000,37.5%)

(18175-000,40.0%)

Spurious/False Operation 47.7% 32.3% Catastrophic-Spurious Operation (18175-000,40.0%)
(19175-000,57.0%)

Unknown 32.2% Unknown (18175-000,14.0%) (18175-000,20.0%)
(18175-000,25.0%) (18175-000,37.5%)

Relay, Contact Sources l
No Operation 90.0% 90.0% Fail To Operate (24990-000,90.0%)

Fails to Open 10.0% 10.0% Fail To Release (24990-000,10.0%)

Relay,Contact,N.C. Sources:l
Fails to Close 89.0% 89.0% Contacts Failed Closed (24991-000,89.0%)

Fails to Open lO% 11.0% Contacts Failed Open (24991-000,11.0%)

Relay,Contact,N.O. Sources:l
Fails to Open 89.0% 89.0% Contacts Failed Open (24991-000.89.0%)

Fails to Close 11.0% 11.0% Contacts Failed Closed (24991-000,11.0%)

Relay, Contactors, Sele Sources:l
Broken 66.7% 66.7% Broken (25464-000,Qty:2)

Binding/Sticking 33.3% 33.3% Binding Stuck or Jammed (25464-000,Otyzl)

Reliability Analysis Cente (RAC) a 201 MIll St., Rome, NY 13440 e 315-337-0900



FMD-91 Failure Distribution Summaries 3-173
Part Failure Norm Fall Data
Dean. Mode/Much Dint. Dist. Source(s)/Details

Relay, DPDT Sources:i
Intermittent Operation 33.3% 33.3% Intermittent Latch-up (10722-000,oty:l)

Opened 33.3% 33.3% :ntermittent Open-Fractured Contact (10722-000,oty:l)

Open Coil 33.3% 33.3% Open In Coil Winding-Corrosion Of Wire (10722-000,Qty:l)

Relay,Electromagnetic, Latching, DPDT Sources:l
Intermittent Operation 100.0% 100.0% Post Random Switching Failures-Broken Coil Leads

(25001-000,Qty:2), Post Randon Switching Failures
(25001-000, Qty:l)

Relay,Electromschanical,Armature Sources:l
Corroded 25.5% 25.5% Contact Corrosion (25038-000,6.5%) (25038-000,19.0%)

Coil Failure 23.5% 23.5% Opened Coil (25038-000,8.5%), Unstable Coil
(25038-000,15.0%)

Contaminated 18.0% 18.0% Contact Contamination (25038-000,18.0%)

Binding/Sticking 9.0% 9.0% Binding, Jamming (25038-000,9.0%)

Spring Failure 9.0% 9.0% Spring Fatigue (25038-000,9.0%)

Faulty Contact 8.0% 8.0% Poor Contact Alignment (25038-000,8.0%)

Contact Failure 7.0% 7.0% Contact Welding (25038-000,7.0%)

Relay, Electromechanical,Latching Sources:2
Contaminated 37.5% 37.5% Hung Up In The Reset State-Foreign Contamination

(10722-000,Qty:3)

Opened 30.0% 30.0% Open (24994-000,60.0%)

Shorted 20.0% 20.0% Short (24994-000,40.0%)

Contact Failure 12.5% 12.5% Intermittent Contact (10722-000,Qty:l)

Other 0.0%
Drift NR Drift (24994-000,NR)

Relay, Electromechanical,Latching, DPDT Sources:l
Opened 100.0% 100.0% Open (10722-000,Qty:l)

Relay,Electronmchanical,Mercury Wetted Sources:2
Contact Failure 100.0% 100.0% Contacts In An Incorrect State (1072?-000,Qty:l)

Other 0.0%
Latch Up NR Latch-Up-Mercury Becomes Solid (13933-000,NR)
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3-174 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Much Dist. Dist. Source(s)/Details

Relay, Power Sources:2
Fails to Close 58.5% 57.0% Failure of N/O Contacts to Close (24996-000,57.0%), Failure

of N/O contacts to close (24997-000,57.0%)

Open Coil 19.7% 19.2% Open Coil (24996-000,19.2%) (24997-000,19.2%)

Fails to Open 19.7% 19.2% Failure of N/C Contacts to Open (24996-000,19.2%), Failure
of N/C contacts to open (24997-000,19.2%)

Shorted 2.1% 2.0% Short Across Contacts (24996-000,2.0%), Short across
contacts (24997-000,2.0%)

Unknown ------ 2.6% Unknown (24996-000,2.6%) (24997-000,2.6%)

Relay,SPDT Sources:l
Binding/Sticking 100.0% 100.0% Sticking-ARC Pitting On Normally Open Contacts

(10722-000,Oty:2)

Relay,SPST Sourcas :l
Shorted 100.0% 100.0% Contacts Shorted-Contamination (10722-000,Qty:l)

Relay,Signal,Low Power Sources:2

Shorted 34.2% 30.5% SpecifLcally: (Shortu) (24996-000,41.5%)

Open Coil 32.9% 29.4% Specifically: (Open Cirontt Coil (24996-000,40.0%)

Mechanical Failure 19,3% 17.3% Specifically: (Mechanical Failure)
(24996-000,23.5%)

Contact Failure 13.6% 12.1% Specifically: (Intermittent or high res. contacts)
(24996-000,16.5%)

Unknown 10.7% Unknown (24996-000,14.5%)

Other 0.0%
Fails to Open NR Fail to open N/C contact (24996-000,NR) (24997-000,NR)

Fails to Close NR Fail to close N/O contact (24996-000,NR) (24997-000,NR)

Relay, Solenoid Sources:5
Drift 32.2% 20.0% Fluctuates, Unstable (23038-003,Qty:l)

Loss of Control 21.5% 13.3% Control Inoperative (23038-004,Qty:l) (23038-005,oty:l)
(23038-005,Oty:1)

Shorted 12.6% 7.8% Short Or Grounded (23038-001,Qtys3), Short
(20609-000, oty: 1)

Unstable Operation 11.5% 7,1V Unstable (20609-000,Qty:16), Intermittent (20609-000,Qty:5)

Loose 10.7% 6.7% Loose (23038-004,Qty:1)

Cracked/Fractured 6.2% 3.9% Broken/Fractured (23038-001,Qty:1), Cracked/Fractured
(20609-000,0ty:04

Binding/Sticking 5.4% 3.3% Sticky (23038-005,Oty:l)

Unknown ------ 22.0% Unknown (20609-000,Qty:1) (23038-001,Qty:l)
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FMD-91 Failure Distribution Summaries 3-175
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Relay, Solenoid (continued)
Unknown (continued)

(23038-001,Qty:l) (23038-004,oty:l) (23038-005,Qty:l)
(23038-005,Oty:l) (23038-005,Qty:l)

Induced 2.5% Caused By Other Dev. (23038-001,Qty:l)

Other (<%5) 13.3%

Stuck Closed 2.7% Stuck Closed (20609-000,Qty:8)

Incorrect Voltage 2.5% Incorrect Voltage (23038-001,Qty:l)

Out of Spec. 2.0% Out of Specification (20609-000,Qty:6)

Out of Adjustment 2.0% Out of Adjustment (20609-000,Qty:6)

Spurious/False Operation 1.4% False Response (20609-000,Qty:4)

Stuck Open 1.0% Stuck Open (20609-000,Qty:3)

Seized 1.0% Seized (20609-000,Qty:3)

Noisy 0.7% Noisy (20609-000,Qty:2)

Relay, Solid State Sources :3

Out of Spec. 62.5% 50.0% Out of Specification (20609-000,Qty:l)

Opened 12.5% 10.0% Open (23038-005,Qty:l)

Unstable Operation 12.5% 10.0% Unstabled (23038-005,Qty'l)

Corroded 12.5% 10.0% Corroded (23038-005,Qty:l)

Unknown 20.0% Unknown (23038-005,Qty:2)

Induced <0.1% Operating Temperatures Exceeding Thyristor Rating
(22540-000,NR), Transients from the Switched Load
(22540-000,NR), Steeply Rising Load Voltages (22540-000,NR)

Other 0.0%
Fatigue NR Mechani cal Fatigue due to Thermal Cycling (22540-000,NR)

Relay, Switchgear Sources :1

Spurious/False Operation 66.3% 57.0% Catastrophic-Spurious Operation (18175-000,57.0%)

Degraded Operation 33.7% 29.0% Degraded (18175-000,29.0%)

Unknown 14.0% Unknown (18175-000,14.0%)

Relay,Time Delay Sources :1
Spurious/False Operation 44.4% 44.4% False Response (20609-000,Qty:4)

No Operation 33.3% 33.3% Stuck Closed (20609-000,Qty:1), No Operation
(20609-000, Qty:2)

Degraded Operation 11.1% 11.1% Degraded (20609-000,Qty:l)

Out of Adjustment 11.1% 11.1% Out of Adjustment (20609-000,Qty:I)
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3-176 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Dat a
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Reýlay,Time Delay,Protective Control SourCe3:1
Spurious/False Operation 66.7% b0.0% Catastrophic-Spurious operation (18175-000,60.0%)

Degraded operation 33.3% 30.0% Degraded (18175-000,30.0%)

Unknown ---- 10.0% Unknown (18175-000,10.0%)

Resistor, Alumina, Ceramic Sources: 1
Opened 66.3% 66.3% Open-Electrical Overstress (25027-000,Qty:53)

Change in Value 33.8% 33.8% Change in Value-Electrical Overstress (25027-000,Qty:27)

Resistor,Fixed (Summary)
opened 51.0%
Drift 29.1%
Change in Resistance 7.01
Broken 5.4%
Shorted 4.0%
Mechanical Failure 3.5%

Resistor, Fixed Sources :8
opened 77.2% 59.0% High Z (24991-000,90.0%), Open (17867-000,Qty:l)

(17867-000,Qty: 1) (17867-000, Qty:4) (24417-00l,NR)
(24992-000,80.0%) (24992-000, 100.0%), Open-Electrical
Overstress (25027-000,Qty:l), Initermittent Open-Bound Open
Due To Contamination (10722-000,Oty:l), opened-Workmanship
Flaw (10722-000,Qty:l), Open-External Overstress
(10722-000,Qty:l), Electrically Open (10722-000,Qty:ll),
Wirewound: Open circuit (24997-000,60.0%)

Change in Resistance 9.9% 7.6% Out Of Tolerance (17867-000,Oty:l) (17867-000,Qty:!.)
11780-7-000,Qty:2) (17867-O00,Qty:2) (17867-000,Qty:2)
(17867-000,Qty:-2) (17867-000,Qty:3), Resistor Net Value
Snift-Dent In Met/Film Rlesistor (10722-000,Qty:3), Decrease
in Res12tance-Overstres3 (10722-000,oty:l),
CormpositiontResistance change (24997-000,NR), Film:s:
Resistance ehange (24997-000,NR), Wirewour'd: Re313-.ance
change (24997-000,20.0's)

Broken 5.9% 4.5% Broken (25464-000,Oty:202)

Shorted 5.2% 4.0% Low Z (24991-000,10.0%), Short (17867-000,Qty:l)
(17867-000, Qty:2) (24417-00l,NR) (24992-000,10.0t),
Wirewound: Shorts (24997-000, 10.0%)

Mechanical Failure 1.9% 1.4% Wirewound: Mech. fail & other (24997-000,10.0%)

Induced ---- 10.2% Performance Variatio (17867-000,Qty:l) (17867-OO0,Qty:l)
(17867-000,Qty:l) (17867-000,Qty:l) (17867-000,Qty:l)
(17867-000,0ty:1) (17867-000,Qty:l) (17667-000,oty:l)
(17867-000,Qty:l) (17867-000, Oty: 1) (17867-000,Qty. 1)
(17867-000,Qty:1) (17867-000,oty:l) (17867-000,Qty:2)
(17867-000,Qty:2) (17867-000,Qty:2) (17867-000,Qty:2)
(17867-000,Qty:-2) (1786 71-000,Qty:2) (17867-000,Qty:3),
Burned (17867-000,Qty:l) (17867-000,Qty.1)
(17867-000,Qty:24), Wrong Value (17867-000,Oty:l)
(l7867-000,Qty:1) (17867-000,Qty:l), Add Limit Resistor
(17867-000,Qty:l), Reselect (17867-000,Qty:l)
(17867-OOO,oty:1) (17867-000,Qty:2), Weak/Loow Performance
(17867-000,Oty:l) (17867-O00,Qty:l) (17867-000,Qty:3),
Offset (17867-000,Qty:l), Wrong Part (17867-000,Qty:l)
(17867-000,Qty:l), Composition:Quality defects
(24997-000,NR), Films: Quality defects (24997-000,NR)
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FMD-91 Failure Distribution Summaries 3-177
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Resistor,Fixed (continued)
Unknown 9.2% Unknown (17867-000,Qty:l) (17867-000,Qty:!)

(25464-000,Qty:397)

Other (c%2) 3.6%
Connection Failure 0.7% Detachment Of Lead-In Pins At Internal Resistor

(10722-000,Qty:l)

Lead Damage 0.7% Lead Fracture-Board Flexing During Vibration
(10722-000,Qty:l)

Drift 0.5% Drift (24992-000,5.0%), Fails to Tune or Drifts
(25464-000,Qty:2), Fluctuates, Unstable or Errati
(25464-000,Qty:6)

Binding/Sticking 0.5% Binding Stuck or Jammed (25464-000,Qty:21)

Leaking 0.4% Leak (24992-000,5.0%)

Intermittent Operation 0.3% Intermittent (17867-000,Qty:l) (17867-000,Qty:l)

Cracked/Fractured 0.2% Cracked (25464-000,Qty:7)

Loose 0.1% Loose Solder Connect (17867-000,Qty:l)

Noisy 0.1% Noisy (17867-000,Qty:l)

Burst/Ruptured <0.1% Burst or Ruptured (25464-000,Qty:2)

Change in Capac. <0.1% Capacitance Incorrect (25464-000,Qty:2)

High Volt. or Standing Wave <0.1% High Voltage or Standing Wave (25464-000,Qty:l)

Change in Value NR Radical Departure from Initial Characteristics
(24417-001,NR)

Resistor,Fixed,Carbon & Metal Film Sources:l
Opened 80.0% 80.0% Open Circuits (24993-000,80.0%)

Contaminated 20.0% 20.0% Change Of Value (24993-000,20.0%)

Resistor, Fixed, Carbon Film Sources:1
Drift 51.1% 49.5% Parameter Drift-Intermittent (25000-000,Qty:l), Parameter

Drift-Delta R (25000-000,Qty:l) (25000-000,Qty:l)
(25000-000,Qty:l) (25000-000,Qty:2) (25000-000,Qty:5)
(25000-000,Qty:13) (25000-000,Qty:19) (25000-000,Qty:50),

Parameter Drift-Insulation Resistance (25000-000,Qty:2)

Opened 48.9% 47.4% Open-General (25000-000,oty:3) (25000-000,Qty:4)
(25000-000,oty:84)

Unknown 3.1% Unknown (25000-000,Qty:6)
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3-178 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Resistor, Fixed, Corposition Sources:9
Drift 57.0% 47.6% Parameter Drift-Delta R (25000-000,Qty:3) (25000-000,Qty:6)

(25000-000,Qty:25) (25000-000,Gty:32) (25000-000,Qty:45)
(25000-000,Qty:114) (25000-000,Qty:41l), Drift
(24990-000,50.0%) (24994-000,75.0%), Change Of Value
(24993-000,95.0%), Change Of Value -output spec-
(24997-000,92.0%)

Opened 26.5% 22.1% Open (24990-000,50.0%) (24994-000,25.0%)
(25000-000,Qty:201) (25016-000,NR), Open-Intermittent or
Noisy (25000-000,Qty:12), High Z (24991-000,80.0%), Open
Circuit (24997-000,1.0%)

Moisture Intrusion 6.7% 5.6% Moisture Intrusion (25038-000,45.0%)

Broken 6.0% 5.0% Broken (25027-000,Qty:l) (25027-000,Qty:l)

Lead Defects 3.7% 3.1% Lead defects (25038-000,25.0%)

Induced 7.5% Burned (25027-000,oty:l) (25027-000,Qty:2)

Unknown ------ 1.8% Unknown (24993-000,5.0%) (25000-000,Qty:92)

Other (<%4) 7.2%
Shorted 2.6% Short (24994-000,NR) (25000-000,Qty:8), Low Z

(24991-000,20.0%)

Contaminated 1.9% Contaminated (25038-000,15.0%)

Non-uniform Resistance Material 1.9% Non-uniform Comp. Material (25038-000,15.0%)

Electrical Noise 0.9% Electrical noise (24997-000,7.0%)

Change in Resistance NR Decreased Resistance-with life (25016-000,NR)

Resistor, Fixed, Film Sources:7
Opened 52.2% 51.2% Open-Defect in Film Path (25016-000,NR), Open

(24990-000,50.0%) (25027-000,0ty:1) (25027-000,Oty:1)
(25027-000,Qty:l), High Z (24991-000,81.0%), Open-Tear In
The Foil Interconnect Ribbon (10722-000,Oty:l)

Drift 31.8% 31.2% Drift (24990-000,50.0%), Resistance High-Traces Of Chlorine
Found Inside (10722-000,0ty:3), Moisture Ingression
(25038-000,31.0%)

Film Imperfections 5.1% 5.0% Film Imperfections (25039-000,25.0%1

Substrate Defects 5.1% 5.0% Substrate defects (25038-000,25.0%)

Shorted 3.9% 3.8% Low Z (24991-000,19.0%)

Lead Damage 1.9% 1.9% Lead termination (25039-000,9.5%)

Induced 1.9% Film Material Damage (25038-000,9.5%)

Other 0.0%
Change in Resistance NR Increase in Resistance-Unstable Film (25016-000,NR), Change

in resistance values (24997-000,NR)

Intermittent Operation NR Intermittent or open circuit (24997-000,NR)

Lead Defects NP Lead failure (24997-000,NR)
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FMD-91 Failure Distribution Summaries 3-179
Part Failure Norm Fail Data
Deac. Mode/Mac.h Diat. Dist. Source(s)/Detaila

Resistor, Fixed, FilmMetal Sourc-s :2
Drift 4C.0% 40.0% Drift (24994-000,80.0%)

Change in Resistance 31.8% 31.8% Change in Value-Silver Particle Bridging Kerf
(10722-000,Qty:l), High Out Of Spec Resistance-Cracked Path
(10722-000,gtyal), Resistance Shift (10722-000,Qty:2),
Erratic Increase In Resistance (10722-000,Qty:l), increased
In Value (10722-000,oty:l), Resistance Shifted High
(10722-000,Qt~y: 1)

opened 28.2% 28.2% Open (24994-000,20.0t), Open-Chemical Carroolon
(10722-000,Qty;l), Opened-Mechanical DamagEo/Overstress
(l0722-000,Qty:l), intermittent Open-Solder Joint
(10722-000,Qty:l), Open-Chlorine Contamination
(10722-CL00, Qty:u)

other ---- 0.0%,
Shorted NR Short (24994-000,NR)

Resistor, Fixed, Wire Wound Sources: S
Opened 50.0% 48.8% open (24990-000,90.0%) (24992-000,33.3%) (25000-000,Qty:l)

(25000-000,Qty:i) (25000-000,Qty:2) (2500U-U00,Qty:3)
(25000-000,Qty:6) (25000-000,Qty:10) (25000-000,Oty:14)
(25000-000,Qty:36), Oj-en-Nichrome Wire Broke At Nickel Tab
Weld (10722-000,Qty:l)

Drift 20.3% 19.8% Parameter Drift-Insulatý.on Resistance (25000-OOO,Qty:l)
(25000-O00,,Qty:5) (25000-OOO,Qty:87), Parameter Drift-Delta
R (2!)000-.000,Qty: 1) (25000-O00,Qty:l) (25000-000, Qty:2)
(25000-000,Qty:2) (25000-O0O,Qty:5) (25000-000,oty:6)
(25000-000,Gty:7) (25000-O00,Qty:8) (25000-O00,Qty:9)
(25000-000,Qty:g) (25000-000,Qty:9) (25000-0O0,Qty:lO)
(250OO-0OOQty:2O) (25000-000,Qty:22) (25000-000,Qty:29),
Drift (24992-000,33.3%)

Wire Failure 10.7% 10.4% Wire Imperfection (25038-000,10.0%) (25038-000,22.0%), Wire
Insulation Flow (25038-000, 20.0%)

Shorted 6.9% 6.8% Short- Dielectric Strength (25000-O00,Qty:2), Short- Short
(25000-000,Qty:j.) (25000-000,Qty:1), Short (24990-000, 10.0%)
(24992-000,16. 74s), Intrawinding Insulation Breakdown
(250,18-000,6.0%)

Corroded 6.6% 6.4% Corrosion (2!C38-000,10.0%) (25038-000,22.0%)

Mechanical Failure 3.4% 3.3% Mecnanical (24992-000,16.7%)

Lead Defects 2.1% 2.0% Lead D'efects (25038-000,10.0%)

Unknown ---- 0.8% Unknown (25000-OC0,Qty:6) (25000-000,Qty:9)

Other (0%3) ------ 1.6%
Mechanical Damage 1.1§ Mechanical Damage (25000,OOD,Qty:l) (25000-000,Qty:8)

(25000-000, Qty: 10)

seal Failure 0.3% Seal Leakage (250U0-000,Qty:6)

Intermittent Operation 0.2% Intermittent-Noise (25000-000,Qty:l) (25000-000,Qty:3)
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3-180 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Soure.e(s)/Details

Resistor,Fixed,Wire Wound,Power Sources:5
Opened 57.5% 57.5% Open-Bad Weld (25016-000,NR), Open-Corrosior. of the

Resistance Wire (25016-000,NR), High Z (24991-000,81.0%),
Open (24994-000,20.0%), Op.en Circuit (24996-000,60.0%)
(24997-000,60.0%)

Urif 25.0% 25.0% Change in Resistance -excessive with life- (25016-000,NR),
Drift (24994-000,80.0%). Excessive Resist&nce Change
(24997-000,20.0%)

Mechanical Failure 10.0% 10.0% Mechanical Failure and Other (24996-000,20.0%), Mechanical

failure and other (24997-000,20.0%)

Change in Resistance 5.0% 5.0% Excessive Resistance Change (74996-000,20 0%)

Shorted 2.5% 2.5% Low Z (24991-000,9.0%), Short (24994-000,NR)

Resistor, Fixed, Wire Wound,Precision Sources:3
Opened 50.5% 50.5% Open-Bad Welds (25016-000,NR), High Z (24991-000,71.0%),

Open (24994-000,30.0%)

Drift 32.5% 32.5% Drift (24994-000,65.0%)

Shorted 17.0% 17.0% Low Z (24991-000,29.0%), Shorc (24994-000,5.0%)

Other 0.0%
Change i.n Resistance NR Change in Resistance-Unstable Wire (25016-000,NR), Change

in Resistance-Poor Processing (25016-000,NR), Chauge in
Resist-Partial Short From Bad Wire Insul (25016-000,NR)

Resistor, Network Sources:2
Opened 75.0% 61.4% open (17867-000,Qty:l) (17967-000,Qty:l) (17C6t-000,Qty.l)

(17867-000,Qty:l) (17867-000, Qty: 1) (17867-000,Qty:1)
(17867-000,Qty:4), High Rosistance Or Open In 7 Resistots Of
Network (10722-000,Qty:l), Sol.dei Joint Failed-Gold
Embrittlement (10722-000,Qty:l)

Broken 9.7% 8.0% Broken/Damaged (17867-000,Qty:l) (17867-000,Qty:l)
(17867-100,Qty:l) (17867-000,Qty:3), Broked/Damaged
(17G67-000,Qty:l)

Intermittent Operation 8.3% 6.8% Intremittent (17867-000,Oty:l), Intermittent
(l78S7-000,Qty:l) (17867-000,Qty:l) (17867-000,Qty:l)
(17867-000,Qtyl). (17867-000,Qty:l)

Shorted 6.9% 5.7% Short (17867-000,Qty:l) (i7867-000,Qty:l) (17867-000,Qty:3)

Induced ---..- 15.9% Performance Variatio (1.7867-000,Qty:l) (17867-000,Qty:l)
(17867-000,Qty:l) (17867-000,Qty:l) (17967-000,Qty:l)
(17867-000,Qty:l) (17867-000,Qty:2) (17867-000,Qty:4),

Weak/Low Performance (17867-000,Qty:l) (17867-000,Qty:l)

Unknown 2.3% Unknown (17867-000,Qty:l) (17867-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-181
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Dstails

Resistor, Thermiator Sources :5
Opened 53.7% 52.4% High Z (24991-000,67.0%), Open (24992-000,50.1~%)

(24994-000,30.0%), Open Circuits (24993-000,95.0%), Lead
Termination Defect (25038-000,20.0%)

Drift 18.5% 18.0% Drift '24992-000,25.0%) (24994-000, 63.0'.)

Shorted 12.9% 12.6% Low Z (24991-000,33.0%), Short (24992-000,25.0%)
(24994-000,5.0%)

Moisture Intrusion 6.6% 6.4% Moisature Intrusion (25U38-000,32.0%)

Mechanical Failure 6.2% 6.0% Body Anomalies (25038-000,30.0%)

Non-uniform R03istance Material 2.2% 2.11 Non-uniform Resistance Material (25038-000,10.5%)

Unknown ---- 2.5% Unknown (24993-000,5.0%) (24994-000,NR) (25038-000,7.5%)

Resistor, Trimpot, Carbon Film Sources :1
High Contact Resistance 100.0% 100.0% High Z (24991-060O,100.0%1

Other ---- 0.0%
Shorted NR Low Z (24991-000,NR)

Resistor, Variable (Summary)
opened 51.3%
Intermittent Opearation 12.0%
Drift 9.2%4
High Contact Resistance 8.7%
Spurious/False Operation 8.6%
Shorted 6.1%
Mechanical Failure 4.0*

Resistor, Variable Sources :3
opened 57.3% 57.1% Open-Open Elementm (25000-000,oty:l) (2!G00-0G0,Qty:1)

(2500-00D,0ty:1) (25000-OOO,Qty:l) (25000-000, Oty:2)
(25000-000,Oty:2) (25000-O00,Oty:3), Open-Open Wiper
(2500t0-000,Qty:l) (25000-000,Qty:l) (25000-OOO,Qty:3)
(25000-000,Gty:5) (2500O-000,oty.-23) (25000-000,Qty-25),
Open-G.,neral (25000-000, oty: 1) (25000-000, Oty: 1)
(25000-000,oty:l) (25000-000,Qty:3) (25000-DO0,Qty:3)
(25000-000,Qty:4) (25000-000,Qty:5) (25000-000,Oty:6)
(25000-000,Qty:9) (25000-OOU,Qty:1O) (25000-O00,Qty:ll)
(25000-000,uty:15) (25OOO-OO,0ty:19) (2500C-000,Qty:19)
(25000-OOO,Qty:23) (25000-000,Qty:52), Open
(24990-000,40.0t), Open Condition-Mechanical Overstress
(10722-OOO,Qty: 6)

Intermittent Operation 23.3% 23.P% Intermittent (24990-000,60.0%) (25000-000,Qty:l)
(25000-000,Qtysl) (25000-000,Qty:l) (25000-OO0,oty:l)
(25000-00,Qty:l) (25000-000,oty:2) (25000-000,Qty:13)
(25000-OOO,Qty:17), Intermittent-Noise (25000-O00,Qty:l)
(25000-00,Qty:l) (25000-OOO,oty:2) (25000-OOO,Oty:2)
(25000-000,Oty:3) (25000-000, oty: 3) (25000-000, Qty: 6)
(25000-O0O,Qty:7) (25000-000,Qty:16)

Drift 13.9t 13.8% Parametsr Drift-Delta R (25000-OOO,Qty:l) (25000-000,oty:l)
(25000-000, Oty :1) (25000-000, oty: 1) (25000-000, Qty: 2)
(25000-000, Qty: 3) (25000-OOU, Qty: 4) (25000-000, Oty: 6)
(25000-000,Qty:7) (250C0-000,Qty:9) (25000-000,Qty:ll)
(25000-000, Qty :14) (25000-000, Oty: 18), Parameter
Drift-Insulation Resistanu.a (25000-000,Qty:l)
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3-182 Failure Distributon Summvies FM D-91
Part Failure Norm Fail Data
Deno. Mode/Mach Dist. Dist. Source(s)/DataWIs

Resistor,Variabl* (continued)
Drift (continued)

(25000-000,oty:3) (25000-000,Qty:4) (25000-000,Qty:10)
(25000-000,Qtyt33), Parameter Drift-High Contact Resistance
(25000-000,Qty:4), Paramter Drift-General
(25000-000,Qty:37) (25000-000,Qty:164)

Seal Failure 3.1% 3.1% Seal Leakage (25000-000,Qty:l) (25000-000,Cty.2)
(25000-000,Qty:71)

Shorted 1.5% 1.5% Short-Short Elements (25000-00,0ty:6), Short-Dielectric
Strength (25000-000,Qty:il (25000-000,Qty:2), Short
(25000-000,0ty:2) (25000-000,Qty:2) (25000-000,Qty:2)
(25000-000,Qty:2) (25000-000,Qty:6) (25000-000,Qty:14)

Mechanical Damage 0.8% 0.8% Mechanical Damage (25000-000,Oty:l) (25000-000,oty:l)
(25000-000,Oty:,1) (25000-000,Qty:2) (25000-000,Qty:3)
(25000-000,Qty:4) (25000-000,Qty:4) (2500u..000,Oty:4t

Unknown ------ 0.4% Unknown (25000-000,0ty:l) (25000-000,Qty:4)
(25000-000,Qty:5)

Resistor, Variable,Composition Sources:3

Spurious/False Operation 33.3% 31.7% Erratic Operation (24993-000,95.0%)

Opened 18.6% 17.7% High Z (24991-000,53.0%)

High Contact Resistance 16.8% 16.0% Corrosion (25038-000,48.0%)

Shorted 16.5% 15.7% Low Z (24991-000,47.0%)

Moisture Intrusion 9.8% 9.3% Moiature Intrusion (25038-000,29.0%)

Wiper Movement 3.0% 2.8% Wiper Movement (25038-000,e.5%)

Binding/Sticking 2.1% 2.0% Binding, Jamming (25038-000,6.0%)

Induced 1.5% Burnout of Resistive Element (25038-000,4.5%)

Other (<%3) 3.3%
Insulation Failure 1.7% Insulation Failure (24993-000,5.0%)

Connection Failure 1.7% Terminal Defect (25038-000,5.0%)

Resistor, Variable,Potentionieter Scurces:1
High Contact Resistance 67.0% 67.0% High Z (24991-000,67.0%)

Shorted 33.0% 33.0% Low Z (24991-000,33.0%)

Resistor, Variable, Trimner Sources:l

Opened 56.8% 46.0% Open Circuit (24997-000,46.0%)

Meuhanical Failure 28.4% 23.0% Mischanica. failure (24997-000,23.0%)

Drift 14.8% 12.0% Parameter Change (24997-000,12.0%)

Induced ------ 19.0% Quality defects and other (24997-000,19.0%)
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FMD-91 Failure Distribution Summaries 3-183
P~art Failure Norm Fail Data
Desc. Mode/Mlch Dist. Dist. Source(s)/Details

Resistor,Variable,Wire Wound Sources:4
Opened 52.7% 46.1% High Z (24991-000,61.0%), Open Circuits (24993-000,40.0%),

Open (24417-001,NR)

Spurious/False Operation 21.0% 18.3% Erratic Operation (24993-000,55.0%)

Contaminated 13.0% 11.4% Contamination (24417-001,NR) (25038-000,25.0%),
Contamination Bridging (25038-000,6.5%)

Jammed/Stuck 7.0% 6.2% Jamming of Lead Screw Assembly (24417-001,NR), Jamming,
Stripping (25038-000,17.0%)

Insulation Failure 6.2% 5.4% Insulation Breakdown (25038-000,15.0t)

Other (<%S) 12.5%

Noisy 3.4% Noise (25038-000,9.5%)

Worn 3.4% Slider Wear (24417-001,NR), Wiper Arm Wear (25038-000,9.5%)

Seal/Gasket Failure 3.4% Seal Defects (25038-000,9.5%)

Change in Value 1.7% Change of Value (24993-000,5.0%), Radical Departure from
Initial Characteristics (24417-001,NR)

Breakdown to Earth 0.5% Catastrophic-Breakdown To Earth-Inter (24991-000,1.0%)

Reduced Cross Sect. Area NR Reduced Cross Sectional Area (24417-001,NR)

Stripped NR Stripping of Threads of Lead Screw Assembly (24417-001,NR)

Shorted NR Short (24417-001,NR)

Resistor, Variable,Wire Wound, Precision Sources l
Opened 73.7% 70.0% Open Circuits (24993-000,70.0%)

Excessive Noise 26.3% 25.0% Excessive Noise (24993-000,25.0%)

Unknow.- 5.0% Unknown (24993-000,5.0%)

Resistor, Varistor Sources:1
Opened 100.0% 95.0% Open Circuits (24993-000,95.0%)

Unknown 5.0% Unknown (24993-000,5.0%)

Resolver, Rotor Sources:1
Opened 100.0% 100.0% Phase 32X Magnet Wire Open-Mechanical Overstress

(10722-000,Qty:1), Open Windings (10722-000,Qty:3),
Open-Magnet Wire Overstress/Fractured Ext Low Pad
(10722-000,Qty:l)
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3-184 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Resolver, Servomechanism Sources:1
Unknown ------ <0.1% Unknown (24417-001,NR)

Resolver, Starter Sources:l
Shorted 50.0% 50.0% Short-Tensile Fracture (10722-000,Qty:2), Core Short-Reuse

Of Previously Wound Core (10722-000,Qty:l)

Opened 50.0% 50.0% Open-Fatigue Fracture (10722-000,Qty:l) (10722-000,Qty:l),
Open Magnet Wire At Slot 73-Mechanical Overstress
(10722-000, Oty:l)

Retainer Sources:1
Loose 77.3% 65.4% Loose (25101-000,Qty:2) (25101-000,Oty:3)

(25101-000,Qty:6), Loose Screw(s) - Loose (25101-000,Oty:l),
Out Of Adjustment - Loose (25101-000,Qty:l), Vibration -
Loose (25101-000,Qty:l) (25101-000,Qty:2), Loose Screw(s) -
Excessive Play (25101-000,Qty:l)

Excessive Play 22.7% 19.2% Excessive Play (25101-000,Qty:5)

Induced ------ 15.4% Improper Installation - Loose (25101-000,oty:3), Improper
Maintenance - Loose (25101-000,Qty:l)

Retainer Piston Assy Sources:l
Corroded 100.0% 100.0% Corroded-Broken/Damaged (25101-000,Qty:l)

Retainer,Optical El Sources:l
Induced ------ 100.0% Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:l)

Reticle Sources:1
Induced ------ 100.0% Lack Of Maintenance (25101-000,Qty:l)

Retractor Sources:!

Broken 50.0% 40.0% Broken/Damaged (25101-000,Qty:2)

Aged/Deteriorated 50.0% 40.0% Deteriorated/Aged - Broken/Damaged (25101-000,Qty:2)

Unknown ------ 20.0% Unknown (25101-000,Qty:1)

Ring Sources:l
Loose 75.0% 60.0% Loose Screw(s) - Loose (25101-000,Qty:l), Loose Screw(s) -

Excessive Play (25101-000,Qty:l), Loose Bolt(s) - Excessive
Play (25101-000,Qty:l)

Out of Adjustment 25.0% 20.0% Out Of Adjustment - Inaccurate (25101-000,oty:l)

Induced 20.0% Improper Installation - Inop/Unserviceable
(25101-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-185
Part Failure Norm Fail Data
Deac. Mode/Mech Dist. Dist. Source(s)/Details

Ring Yoke Assembly Sources:1
Loose 100.0% 100.0% Worn - Loose (25101-000,Qty:l)

Ring, Retaining Sources:1
Broken 47.4% 16.1% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:l),

Broken/Separated-Misfire (25101-000,Qty:l),
Broken/Separated-Missing (25101-000,Qty:i) (25101-000,Qty:l)
(25101-000,Qty:l) (25101-000,Qty:3)

Loose 31.6% 10.7% Out Of Adjustment - Loose (25101-000,Qty:6)

Worn 10.5% 3.6% Worn Out (25101-000,Qty:l), Worn - Inop Man Traverse
(25101-000,Oty:1)

Binding/Sticking 5.3% 1.8% Loose Screw(s) - Binding/Sticking (25101-000,Qty:l)

Aged/Deteriorated 5.3% 1.8% Deteriorated/Aged - Broken/Damaged (25101-000,Qty:l)

Induced 64.3% Improper Maintenance - Loose (25101-000,Qty:l), Improper
Install - Inop/Sluggish Breech (25101-000,Qty:l), Item
Abuse/Neglect - Missing (25101-000,Qty:l), Stolen - Missing
(25101-000,Qty:l) (25101-000,Qty:l), Missing
(25101-000,Qty:2) (25101-000,Qty:4), Fell Off Or Lost -
Missing (25101-000,Qty:l) (25101-000,Qty:l)
(25101-000,Qty:l) (25101-000,Qty:2) (25101-000,Oty:3)
(25101-000,Qty:ll), Improper Maintenance - Broken/Damaged
(25101-000,Qty:l), Fell Off Or Lost - Fnd In TI/PMCS/INSP
(25101-000,Qty:l) (25101-000,Qty:l), Improper Maintenance -

Missing (25101-000,Qty:l) (25101-000,Qty:2)

Unknown 1.8% Unknown (25101-000,Qty:l)

Ring,Slip Sources:l
Opened 100.0% 100.0% Wire Pulled Loose During The Strip & Tin Operation

(10722-000,Qty:2), Open Circuits-Intergranular Cracking
(10722-000,Qty:l)

Ring, Stop Sources:1
Out of Adjustment 100.0% 100.0% Out Of Adjustment - Inaccurate (25101-000,Qty:l)

Rivet,Solid Sources:1
Loose 100.0% 66.7% Loose (25101-000,Qty:2), Loose Screw(s) - Missing

(25101-000,oty:l), Worn - Loose (25101-000,Qty:l)

Unknown 33.3% Unknown (25101-000,Qty:2)

Rod Sources:l
Broken 80.0% 72.7% Broken/Damaged (25101-000,Qty:i) (25101-000,Qty:2)

(25101-000, Qty:5)

Loose 10.0% 9.1% Part Missing/Loose - Fnd In TI/PMCS/INSP (25101-000,Qty:l)

Aged/Deteriorated 10.0% 9.1% Deteriorated/Aged - Internal Moisture (25101-000,Qty:l)

Induced 9.1% Fell Off Or Lost - Missing (25101-000,Uty:l)
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3-186 Failure Distribution Summaries FMD-91
Part railure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

R~oller Source.: 1
Loose 40.0% 28.6% N'i Failure - Loose (25101-000,Qty:l), Worn - Loose

(25101-000, Qty: 1)

Broken 40.0% 28.6% Broken/Damaged (25101-000,Qty:2)

Aged/Doteriorated 20.0% 14.3% Deteriorated/Aged - Broken/Damaged (25101-000,Oty:l)

Induced ---- 28.6% Cannibalization-Missint; (25101-000,Qty:1l), Lack Of

Lubrication - Missing (25101-000,(Oty:1)

Roller Assembly Sources :1
Bushing Failure 29.2% 22.6% Worn Bushing - Worn Out. (2510l-000,Qty:l)

(25101-000,Qty:2), Worn Bushing - Loose (25101-000,oty:2),
Worn Bushing - Excessive Play (25101-000,Qty:1)
(25101-000, Oty: 1)

Cracked/Fractured 25.0% 19.4% Cracked (2510l-000,Qty.1), Cracked/Sp1it-Broken/Damaged
(25101-000,Qty.4), Operator Error - Cracked
(25101-000, aty: 1)

Broken 16.7% 12.9% Broken/Damaged (25101-000,Qty:1) (25101-000,Qty:l)
(25101-000, Qty:2)

Worn 12.5% 9.7% Worn Out (25101-000,Qty:2), Worn Track Pad(s)
(25101-000, Oty: 1)

Aged/Deteriorated 8.3% 6.5% Deteriorated/Aged - Deteriorated (25101-000,Qty:1),
Deteriorated/Aged - Inop/Unserviceable (25101-000,Qty: 1)

Cut/Scarred/Punctured 4.2% 3.2% Cut/Scarred (25101-OOO,Qty:l)

Excessive Play 4.2% 3.2% Excessive Play (25101-000,Qty:l)

Induced ---- 12.9% Item Abuse/Neglect - Missing (25101-000,Qty:l), operator
Error - Broken/Damaged (25101-000,Qty:l), Caused By Other
Failure-Collapsed/Bent (25101-000,Qty:1), Lack Of
Lubrication - Worn Out (25101-000,Qty:1)

Unknown ---- 9.7% Unknown (25101-000,Qty:1) (25101-000,Qty:2)

Roller Univers Assy Sources:1
Excessive Play 100.0% 100.0% Worn - Excessive Play (25101-000,Qty:l) (25101-000,Qty:1)

Rotary Harness Assy Sources:l
Signal Path Leakage 100.0% 100.0% Signal Path Leakage-Solder Flux In Connector P4

(10722-000, Qty: 1)

Rotary Switch Sources :4
Degraded Output 52.6% 50.0% Bad Output (25027-000,Qty:.1)

Contact Failure 47.4% 45.0% Intermittent Contact (24993-000,90.0%k), Intermittent
Contact or Variable Contact Res. (24996-000,NR)

Unknown ---- 5.0% Unknown (24993-000,10.0%)

Other 0--- .0%
Mechanical Failure NR Mechanical Failure (24996-000,NR), Mechanical failure
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FMD-91 Failure Distribution Sumnmaries 3-187
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. D13t. Source(s)/Details

Rotary Switch (continued)
Other (continued)

(24997-000, NR)

Opened NR Open Circuit (24996-O0O,NR) (24997-000,NR)

Shorted NR short (24996-000,NR) (24997-000,NR)

Intermittent. Operation NR Intermittent contact or variable contact resist.

(24997-000, NR)

Rotating Head Assy Sources:l
Loose 33.3% 25.0% internal Failure - Loose (2510l-000,Gty:l)

C25101-000,Qty:l), Worn - Loose (25101-000,Qty-.l)

Excessive Play 33.3% 25.0% internal Failure - Excessive Play (25l01-000,Qty:3)

out of Synch. 11.1% 8..1% Out Of Synch (25101-000,Q)ty:l)

Broken 11.1#4 8.34 Part Struck/Damaged - Inop/Unserviceable (25101-000,Oty:l)

Stripped 11.1% 8.3% Worn/Stripped - Inop/Unserviceable C25101-000,Qty:l)

Unknown ---- 25.0% Unknown C25101-000,Qty:l) (25101-000,Qty:2)

Scale, Diopter Sources :1.
out of Adjustment 100.0% 100.0% Out Of Adjustment - Inop/Unserviceable (25101-000,Qty:l)

Screw, Sources: 1
Loose 66.7t 50.0% Loose Screw - Inop/Unserviceable (25101-000,Qty:l),,

Vibration - Loose (25101-000,Qty:l)

Worn 33.3% 25.0% Worn - Inop/Unserviceable (25101-000,Qty:l)

Induced ---- 25.0% Vibration -Missing (25101-000,Qty:l)

Screw, Cap Sources :1.
Loose 46.4% 30.2% Vibration -Loose (25101-000,Cty:1) (25101-000,Qty:l), Part

Missing/Loose - Missing (25101-OOO,Qty:l), Loose Bolt(s)
(2510l-000,Qty:S), Loose Bolt(s) -Leaking Fluid
(25101-000,Qtystl), Loose Bolt(s) -Missing

(2510l-000,Qty:l), Loose Bolt(s) -Loose Bolt(s)
(25101-000,Qty.1), Vibration - Loose Screw(s)
(25101-000, Qty-:2)

Broken 35.7% 23.3% Part Struck/Damaged - Fnd in TI/Pl4SC/INBP
(25101-000,Qty: 1), Part Struckc/Damaged - Broken/Damaged
(25101-000,Qty:l), Broken/Damaged (25101-000,Qtyil)
(25101-000,Qty:1) (25101-000,Oty.-l), Broken Bolt(s)
(25101-000,Qty:l), Vibration - Broken/Damiaged
(25101-000,Qty:2), Broken/Seperated - Broken Bolt(s)
(25101-000,Qty: 1), Broken/separated - Broken/Damaged
(25101-000, Qty: 1)

Leaking Fluid 7.1% 4.7% Vibration - Leaking Fluid (25101-000,Qty:2)

Out of Adjustment 3.6% 2.3% Loose Bolt(s) - Out Of Adjustment (25101-000,Qty:1)

Binding/Stickinq 3.6% 2.3% Binding/Sticking C25101-O00,Qty:l)

Reliabiity Analysis Cidite (RAO) a 201 MIU St., Rome, NY 13440 a 315-337-090



3-188 Failure Distributon Summaries FMD-91
Part Failure Norm Fail Data
Deac. Mode/Mech Dist. Dist. Source(s)/Details

Screw,Cap (continued)
Excessive Vibration 3.6% 2.3% Vibration - fnaccurate (25101-00C,Oty:l)

Induced 34.9% Item Abuse/Neglect - Missing (25101-000,Qty:l), Wrong Part.
- Found Tn TI/PMCS/Insp (25101-000,MQy:l), Fell Off Or Lost
- Missing (25101-000,oty:l) (25101-000,Qty:2), Lack Of
Maintenance - Loose (25101-000,Qty:l) (25101-000,Qty:l),
Improper Installation - Loose (25101-000,Qty:l), Lack Of
Maintenance - Loose Bolt(s) (25101-000,Qty:l), Lack Of
Maintenance - Stripped (25101-000,Qty:l), Lack Of
Maintenance - Leaking Fluid (25101-000,Qty:l), VihrAtion -
Missing (25101-000,Qty:2), Wrong Part - Missing
(25101-000,Qty:l), Improper Installation - Stripped
(25101-000,oty:l)

Screw, Cap, Socket Sources:l

Broken 50.0% 2.1% Broken Bolt(s) (25101-000,Oty:l) (25101-000,Oty-1)

Loose 25.0% 1.1% Worn - Loose (25101-000,0ty:1)

Excessive vibration 25.0% 1.1% Vibration - Fnd In TI/PMSC/INSP (25101-000,Qty:1)

Unknown 92.6% Unknown (25101-000,Qty:l) (25101-000,Oty:87)

Induced 3.2% Overtorqued - Broken Bolt(s) (25101-000,Qty:l), Overtorqued
- Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:l)

Screw, Cap, Socket, Head Sources:1
Broken 66.7% 20.0% Broken Bolt(s) (25101-000,Qty:l), Broken/Damaged

(25101-000,Qty:1)

loose 33.3% 10.0% Loose Screw(s) - Loose (25101-000,Qty:l)

Induced ------ 70.0% Lack Of Maintenance - Metal On Mag Plug (25101-000,Qty:l),
Overtorqued - Broken/Damaged (25101-000,Qty:l), Wrong Part -

Loose (25101-000,Qty:l), Improper Maintenance -
Broken/Damaged (25101-000,Qty:l), Improper Maintenance -
Missing (25101-000,Qty:l), Vibration - Missing
(25101-000,oty:l) (25101-000,oty~l)

Screw',Collimator Sources:1
Out of Adjustment 100.0% 50.0% Out Of Adjustment - Inop/Unserviceable (25101-000,oty:l)

Induced ------ 50.0% Lack Of Maintenance - Binding/Sticking (25101-000,Qty:l)

Screw,Front Wedge Sources.:l
Fractured 100.0% 100.0% Screw Fractured-Screw Cross Threaded When Inserted

(10722-000,Oty:1)
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FMD-91 Failure Distribution Sumarwies 3-189
Part. Failure Norm Fail Data
Dasc. Mode/Mech Dist. Dist. Source(s)/Det~ails

SCrewý,'Insert.,Thread Sources:1
Stripped 100.0% 50.0% Stripped (2510'.-000,Qty:1)

induced ---- 50.0% Overtorqued - Loose (25101-000,Qty:1)

Screw, Machine Sources :1
Broken 31.6% 15.8% Broken Bolt(s) C25101-000,Otyl1) C25101-000,oty:2),

Broken/Damaged (23101-000,Qty:l) (25101-000,0ty:1)
(25101-OOO.Qty:l)

Loose 21...% 10.5% Vibration - Loose (25101-000,Qty:1), Loose bolt(s) -
Inop/Unnerviceable (2510l-000,Qty:l), out Of Adjustment -

Loose (25101-000,Qty:1), Loose ScrewWs - inop/Unserviceable
(25101-000, Qty: 1)

Worn 15.8% 7.9% Worn - Znop/Unserviceable C25101-000,Qty:1), Worn -

Inaccurate (25l01-000,Qty:1), Worn - Found In TI/PMCS/Insp
(25101-000, Qty: 1)

Stripped 10.5% 5.3% Stripped (25101-000,Qtyil) C25101-000,Qty.-l)

Out of Adjustment 10.5% 5.3% Out Of Adjustment - Inop/Unserviceable (25101-000,Qty:l),

Out Of Adjustment (25101-000,Qty:l)

Out of Synch. 10.5% 5.3% out Of Synch (25101-000,Qty:l), Vibration - Out Of Synch
(25101-000, Qty:l)

Induced ---- 44.7% Missing (25101-000,Qty:l), Item Abuse/Neglect -
Broken/Damaged (25101-000,Qty:1), Fell Off Or Lost -
Inop/Unserviceable (25101-000,Qty:l), Vibration - Missing
(25101-000,Qty:l) (25101-000,Qty:1), Fell Off Or Lost -

Missing (25101-000,Qty:l) (25101-000,Qty:l)
(25101-000,Qty:l) (25101-000,Qty:l) (25101-000,Qty:l(,
Improper Maintenance -Internal Moisture (25101-OOCJ,Qty:1),
Improper Installation -Inaccurate (25101-000,Qty.1),
Improper Alignment -Out Of Adjustment (25101-000,Qty:2),
Lack Of Maintenance -Loose (25101-000,oty:l), Wrong Part
(25101-000,oty:1), Lack of Maintenance - Metal on Mag Plug
(25101-OOO,Qty:l)

other (0%6) --- .y
Bent/Dented/Warped 2.6% Warped/Sent - Loose (251.01-000,Qty:l)

Binding/Sticking 2.6% Vibration - Binding/Sticking (25101-000,Qty:l)

Screw,Self Locking Sources:l

Corroded 75.0% 42.9% Corroded-Broken/Damaged (251O1-OOO,Qty:3)

Broken 25.0% 14.3% Broken/Damaged (25101-000,Qty:l)

Induced--------------------42.9% Overtorqued - Broken/Damaged (25101-000,Qty:2), Vibration-

Missing (25101-000,Qty:l)
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3-190 Failure Distribution Summaries FMD-91
Part Failure Nurm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Screw,Self Tapping Sources:1
Broken 100.0% 100.0% Broken/Damaged (25101-000,0ty:l)

Screw, Set Sources: 1
Ou-z of Adjustment 36.5% 26.8% Loose Scraw(s) -Out OE Adjustment (25101-000,ot-yy.l), out.

Of Adjustment -Bindinq/Sticking (25'101-00O,Qty:l)
(25101-000,Oty-1), Out Ot Adjustment - Inaccurate
(25101-000,Qty:3) (25101-000,Qty:3) (25101-000, Qty: 4).. Out.
Of Adjustment - Inop/Unserviceable (25101-000,Qty.-1), Out Of
Adjustment - Out Of Adj-jstr~ent (25101-000,Qty:2), Out Of
Adjustment - Out Of Synch (25101-000,Qty:3)

Loose 30.8% 22.5t Vibration - Loore (25101-000,Qty:1) (25101-000,Qty.,l)
(25101-000,oty.1) (25101-000,Qty:1), Loose Screw(s) -
Iriop/Unserviceable (25101-000.QOty:'.) (25101-000,Qty:l),
Loose (25101-000,Qry:l), Loose Screw(s) -Loose
(25101-000,oty:2), Loose Screw(s) - Fnd In TX/PMCS/1NSP
(25101-000,Qty:N3., Loose Scro-w (s) - Inaccurate
(25101-000,Qty:l), Part Missing/Loose - Inaccurate
(2510l.-000,Qty:l), Vibration - Loose Screw(s)
(25101-000,Qt.y:l), Loose Bolt(s) Iropi'Unserviceable
(25101-000,Qty:2), Loose Screw(s) -Excessive Play

Out of Synch. 25.0% 18.3% Vibration - Out Of Synch (25101-000,Qty:l), cit Of Sync~h
C25101-000,Qty:4) %'2510l-000,Qty:8)

Broken 7.7% 5.6% Brokea/Durt*'ied (25101-000,Qty:1) (25101-000,Qty:2), Fell
Off Or Lost -Broken/Damaged (25l01-000,Qty:1)

Induced ---- 14.1% Fell Off Or Lust - Missing (25101-000,oty:l)
(25101-000,Oty:l.), Improper Install - Missing
(251C11-000,Qty:i), Improper Maintenance - Broken/Damaged
(25101-O00,Qty.1), Vibration - Missing (25l0l-000,CQty-l)
(2510l-000,Qty:l? (25101-000,Qty:l), Caused By Other
Failure-Inop/Unservi.ceable (25101-000,Qty:l), Overtorqued-
Broken/Damaged (25l0l-001),Oty:l), Improper Maintenance -

Mijsing (25101-000,Qty:l)

Unknown ---- 5.6% UJnknown (25101-000,Oty:4)

Other (<%3) ---- 7.0%
Worn 1.4% Worn/Stripped - Inaccurate (25101-000,Gty.l)

Excessive Vibration 1.4% Vibration - Inop/Unserviceable (25101-000,Oty:l)

Seized 1.4% Seized/Frozen - tnop Man Elevation (25101.-000,Qty:l)

Corroded 1.4% Corroded-Seized (25101-000,Qty:l)

Aged/Deteriorated 1.4% Deteriorated/Aged - Broken/Damaged (251.01-000,Qty:!)

Screw, Shoulder Sources.1
Loose 46.7% 29.2% Vibration - Loose (25101-000,Qty.3), Loose Screw(s) - Fire

Extinguishers (25101-000,Qty:l), Loose Screw(s) - Out Of
Synch (25l0l-0OO,Qty:l), Part Struck/Damaged - Loose
(25101-000,Qty:l), Vibration - Loose Screw(s)
(25101-000, Oty: 1)

Aged/Deteriorated 20.0% 12.5% Deteriorated/Aged - Broken Damaged (25101-O00,Qty:2),
Deteriorated/Aged -.Broken/Damaqed (25l01-OOO,Qty:l)

Broken 13.34 8.3% Broken/Damaged (25101-000,Gty:l) (25101-00O,Qty:1)
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FMD-91 Failure Di-,itribution Summaries 3-191
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Screw, Shoulder (ý;ontinued)
Mechanical Damage 13.3% 8.3% Vibration - Broken/Damaged (25-0I-O000,OtY:1),

Broken/Damaged (25101-O00,Qty:l)

Stripped 6.7% 4.2% Stripped (25101-000,Qty:l)

induced ---- 37.5% Caused By Other Fail - Loose (25il01-000,Qty:4), Improper
Install - Broken/Damaged (25101--000,Qty:l), Improper
Maintenance - Stripped (25101-.000,Qty:l), Improper
Maintenance - Loose (25101-000,Oty:l), Lack Of Maintenan~ce-
Broken/Damaged (25101-000,Qty:l), Overtorqued -

Binding/Sticking (25101-000,Qty:l)

Screw, Tapping Sources 1
Inauced--------------------100.0% Missing (25101-000,Qty:l), Fell Off Or Lost - Missing

(25101-000,Qty:l), Lack Of Maintenance - Missing
(25101-000,Qty:l) (25101-000,Qty:l), Vibration - Missing
(25101-000,Qty:l) (25101-000,Qty:l)

Screw, Thumb Sources :1

Broe 33.3% 20.0% Broken/Damaged (25101-000,Qty.1)

Loose 33.34 20.0% Loose Screw(s) - Excessive Play (25101-000,Qty:l)

Aged/Deteriorated 33.3% 20.0% Deteriorated/Aged - Excessive Play (25101-000,Qty:l)

Induced ---- 40.0% improper Maintenance - Broken/Damaged (25101-000,Qty:l),
Vibration - Missing (25101-O00,Qty:l)

Seal (Suimmary)
Aged/Deteriorated 40.6%
Leaking 35.9%
Cut/Scarred/Punctured 16.8%
Worn 4.2%
Loose 2.5%

Seal Sources :3
Leaking 50.9% 35.7% Leak (24992-000,100.0%), Leaking (20609-000,Qty:16)

(24992-000,39.0%), Leaking Fluid (25101-000,Qty:l)

Cut/Scarred/Punctured 23.8% 16.7% Ripped/Torn/Cut (20609-000,Qty:143)

Aged/Deteriorated 15.9% 11.2% Deteriorated (20609-000,Qty:79), Deteriorated/Aged -
Inop/Unserviceable (25101-000,Oty:2), Deteriorated/Aged-
Leaking Fluid (25101-000,Qty:l) (25101-000,Qty:l)

Worn 5.9% 4.2% Worn out (20609-000,Oty:2) (25101-000,Qty:l), Worn -
Leaking Grease (25101-OO0,Qty:i) (25101-0O0,Qty:l), Worn
Leaking Hydraulic Oil (25101-000,Qtyt2), Worn - Leaking
Fluid (251O1-OOO,Qty:l) (25101-000, oty: 1) (251O1-000,Qty:l)

Loose 3.5% 2.5% Loose (25101-O00,Qty:4), Part Struck/Damaged - Loose
(25101-000, Qty: 1)

Induced ---- 19.6% Foll Off Or Lost - Missing (25101-000,Qty:4), Imp~roper
Installation -Leaking Nitrogen (25l0l-OOO,Oty:l), Improper
Maintenance -Broken/Damnaged (25101-000,Qty:l)
(25101-OOO,Qty:4), Izepropor Maintenance - Leaking Fluid
C25101-000,Oty:l) C25101-0OO,Qty:2), Improper Maintenance -
Loose (25101-OOO,Qtysl) (25101-000,Qty:21), Improper
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3-192 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Seal (continued)
Induced (continued)

Maintenance (25101-000,Qty:l), Improper Maintenance - Out Of
Adjustment (25101-000,Qty:l), Improper Maintenance - Fnd In
TI/PMSC/INSP (25101-000,Qty:i)

Unknown 3.5% Unknown (20609-000,Qty:6) (2C609-000,Qty:20)
(25101-000, Qty: 1)

Other (<%4) ------- 7.7%
Seal/Gasket Failure 2.0% Seals Worn - Leaking Fluid (25101-000,Qty:3), Seals Worn -

Leaking Hydraulic Oil (25101-000,Qty:l)

Cracked/Fractured 1.7% Cracked/Fractured (20609-000,Qty:15)

Bent/Dented/Warped 1.6% Distorted (20609-000,oty:l), Warped/Bent - Leaking Fluid
(25101-000,Qty:l), Warped/Bent - Collapsed/Bent
(25101-000,Qty:l), Warped/Bent - Fnd In TI/PMCS/INSP
(25101-000,Qty:l)

Binding/Sticking 1.0% Binding/Sticking (25101-000,Qty:l) (25101-000,Qty:l)

Broken 0.7% Broken (20609-000,Qty:2), Part Struck/Damaged -
Broken/Damaged (25101-000, Qty:l)

Out of Adjustment 0.5% Out Of Adjustment (25101-000,Qty:l)

Frayed 0.2% Frayed (20609-000,Qty:2)

Seal,O-Ring Sources:1
Aged/Deteriorated 100.0% 90.0% Material Deterioration (24993-000,90.0%)

Unknown 10.0% Unknown (24993-000,10.0%)

Seal, Oil Sources:1
Aged/Deteriorated 100.0%ý 65.0% Material Deterioration (24993-000,85.0%)

Unknown 15.0% Unknown (24993-000,15.0%)

Seat Sources:l
Excessive Play 50.0% 50.0% Part Missing/Loose - Excessive Play (25101-000,Qty:l)

Loose 50.0% 50.0% Loose Screw(s) - Excessive Play (25101-000,Qty:l)

SeatBall Sources:l

Loose 50.0% 33.3% Lonse (25101-000,Qty:l)

Broken 50.0% 33.3% Broken/Damaged (25101-000,Qty:l)

Induced 33.3% Improper Maintenance - Broken/Damaged (25101-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-193
Part Failure Norm Fail Data
Desc. Mode/Macb Dist. Dist. Source(s)/Details

Sensor (Summary)
Degraded Output 45.3%
Shorted 18.6%
Opened 10.7%
No Operation 8.9%
Intermittent Operation 8.8%
Mechanical Failure 7.6%

Sensor Sources :3
Degraded Output 55.6% 52.0% Output Too High (23038-001,tUty:l), Degraded - Erratic

Output (18175-000,19.0%), Degraded - High Output
(18175-000,21.0%), Degraded - Low Output (18175-000,16.0%)

Opened 19.2% 17.9% Open (24992-000,50.0%) (24992-000,50.0%) (24992-000,61.2%)

Shorted 11.7% 10.9% Short (24992-000,8.5%) (24992-000,40.0%) (24992-000,50.0%)

No Operation 6.4% 6.0% Catastrophic-No Change/Output With Change/Input
(18175-000, 18.0%)

Zero or Maximwim Output 3.9% 3.7% Catastrophic.-Zoro Or Maximum Output (18175-000,11.0%)

Leaking 2.0% 1.9% External Leak (24q92-000,16.7%)

Resistor Failure 1.2% 1.1% Open, Resistor (24992-000,10.0%)

Unknown 5.0% Unknown (18175-000,15.0%)

Other (<%2) 1.5%
Chaffed 0.9% Chaf, (24992-000,8.0%)

Drift 0.4% Drift (24992-000,3.9%)

Clocoed 0.2% Closed (24992-000,1.7%)

Sensor, Bistables Sources :1

No Operation 79.4% 27.0% Catastrophic-No Function With Signal (18175-000,27.0%)

Function Without Signal 20.6% 7.0% Catastrophic-Functioned Without Signal (18175-000,7.0%)

Unknown 54.0% Unknown (18175-000,54.0%)

Induced 12.0% Degraded - Functioned At Improper Signal Level
(18175-000,6.0%), Degraded - Premature U'r Delayed Action
(18175-000, 6.0%)

Sensor, Displacemont Sources •1
Zero or Maximum Output 73.2% 60.0% Catastrophic-Zero Or Maximum Output (18175-000,60.0%)

Degraded Output 26.8% 22.0% Degraded - Erratic Output (18175-000,11.0%), Degraded -

High Output (18175-000,11.0%)

Unknown - - °.0% Unknown (18175-000,18.0%)
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3-194 Failure Distribution Sumnmries FMD-91
part Failure Norm Fail Data
Desc. Mode/Mech Dist. D:Lt. Snurce(s)/Details

Sensor, Flow/Velocity Sources:l
Zero or Maximum Output 31.5% 17.0% Catastrophic-Zero Or Maximum Output (18175-000,17.0%)

(18175-000,17.0%)

Degraded Output 27.8% 15.0% Degraded - Erratic Output (18175-000,4.0%)
(18175-000,4.0%), Degraded - High Output (18175-000,6.0%)
(18175-000,6.0%), Degraded - Low Output (18175-000,5.0%)
(18175-000,5.0%)

No Operation 24.i% 13.0% Catastrophic-No Change/Output With Change/input
(18175-000,3.0%) (18175-000,3.0%), Catastrophic-No Function
With Signal (18175-000,10.0%) (18175-000,10.0%)

Function Without Signal 16.7% 9.0% Catastrophic-Functioned Without Signal (18175-000,9.0%)

(18175-000,9.C%)

Unknown 33.0% Unknown (18175-000,33.0%) (18175-000,33.0%)

Induced 13.0% Degraded - Functioned At Improper Signal Level
(18175-000,10.0%) (18175-000,10.0%), Degraded - Intermittent
Operation (10175-000,3.0%) (18175-000,3.0%)

Sensor, Flow/Velocity, Process Switch Sources:1
No Operation 54.0% 27.0% Catastrophic-No Functiun With Signal (18175-000,27.0%)

(18175-000,27.0%)

Function Without Signal 46.0% 23.0% Catastrophic-Functioned Without Signal (18175-000,23.0%)
(18175-000,23.0%)

Induced 33.0% Degraded - Functioned At Improper Signal Level
(18175-000,25.0%) (18175-000,25.0%), Degraded - Intermittent
Operation (18175-000,8.0%) (18175-000,8.0%)

Unknown 17.0% Unknown (18175-000,17.0%) (18175-000,17.0%)

Sensor, Flow/Velocity, Tranrsducer Sources:1
Zero vr Maximum Output 61.2% 41.0% Catastrophic-Zero Or Maximum Output (18175-000,41.0%)

Degraded Output 38.8% 26.0% Degraded - High Output (18175-000,11.0%), Degraded - Low
Output (18175-000,15.0%)

Unknown 33.0% Unknown (18175-000,33.0%)

Sensor,Flow/Vel'ocit.y, Transmitter Sources:1
Degraded Ou~put 49.0% 24.0% Degraded - Erratic Output (18175-000,7.0%), Degraded - High

Output (18175-000,12.0%), Degraded - Low Output
(18175-000,5 .0%)

Zero or Maximum Output 40.8% 20.0% Catastrophic-Zero Or Miximum Output (18175-000,20.0%)

No Operation 10.2% 5.0% Catastrnphic-No change/Output With Change/Input
(18175-000,5.0%)

Unknown 51.0% Unknown (18175-000,NR) (18175-000,51.0%)
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FMD-91 ______ . .... .._ . . railure Distribution Sun.raries 3.195
Part F Ilure Nnrm Fail Dal;
DUsc. Mode/Meth Dist. Dist. Source(O)/Details

orýs'r, 0eater Sources: 1
Shorted 100,0% 100.0% Inter/Intra Winding Shorts (07,'2-000,0tyt3)

3en~noz, Huavor,2 ,Iq Snuro• 1
Wire Failure 100.0% 100.0% Open Vensor Wire-Faulty Weld (10722-000,Qty:1)

Sensor, Humidity Sources :1
Degraded Output 50.7% 34.0% Degraded - Erratic O;tput (18175-000,27.0%)

(38175-000,27.0%), Deqrade. - High Output (18175-00D0,2.0%)
(18175-000,2.0%), Degraded - Low Output (18175-OC0,5.%)
(18175-000,5.0%)

No Operation 29.9% 20.0% Catastrophic-No Charge/Output With Change/Input
(18175-000,20.0%) (18175-000,20.0t)

Zero or Maximum Output 19.4% 13.0% Catastrophic-Zero Or Maximum Out,)ut (161'73-000,13.^%)
(18175-000, 13.0%)

Unknown . .. 33.0% Unknown (18175-000,33.0%) (18175-000,33.0%)

Sensor, Indicating Control Sources:1
No Operation 60.5% 26.0% Catastrophic-No Function With Signal (18175-000,26.0%)

(18175-000,26.0%)

Function Without Signal 39.5% 17.0% Catastrophic-Functioned Without Signal (18175-000,17.0%)
(18175-000,17.0%)

Induced ------ 41.0% Degraded - Functioned At ImproFer Signal Level
(18175-000,6.0%) (18175-000,6.0%), Degraded - Intermittent
Operation (18175-000,27.0%) (18175-000,27.0%), Degraded -
Controls But Does Not Indicate (18175-000,8.0%)
(1C175-000, 8.0%)

Unknown ------- 16.0% Unknown (18175-000,16.0%) (18175-000,16.0%)

Sensor, Level Sources :•
Degraded Output 35.3% 16.4% Degraded - Erratic Output (18175-000,9.0%), Degraded - High

Output (18175-000,4.0%), Degraded - Low Output
(18175-000,5.0%)

No Operation 33.3,% 15.5% Catastrophic-No Change/Output With Change/Input
(18175-000,5.0%), Catastrophic-N4o Function With Signal
(18175-000, 12.0%)

Zero or Maximum Output 21.6% 10.0% Catastrophic-Zero Or Maximum Output (18175-000,11.0%)

Function Without Signal 9.8% 4.5% Catastrophic-Functioned Without Signal (181'75-000,5.0%)

Unknown 29.1% Unknown (18175-000,32.0%)

Induced ------- 24.5% Degraded - Functioned At Improper Signal Level
(1lP175-000,13.0%), Degraded - Intermittent Operation
(18175-000,14.0%)
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3496 Failure Distribution Summaries FMD-91
part FAilure Furm Fail Data
Dosc. Mode/Mach Dist. Dist. Source(s)/Details

Sensor, Level, Controller Sourceo:l
No Operation 50.0% 25.0% Catastrophic-No Function With Signal (18175-000,25.0%)

Function Without Signal 50.0% 25.0% Catastrophic-Functioned Without Signal (18175-000,25.0%)

Induced ------ 50.0% Degraded - Functioned At Improper Signal Level
(18175-000,50.0%)

Sensor, Level,Process Switch Sources:1
Function Without Signal 50.0% 16.5% Catastrophic-Functioned Without Signal (18175-000,3.0%)

(18175-000,30.0%)

No OperAtion 50.0% 16.5% Catastrophic-No Change/Output With Change/Input
(18175-000,3.0%), Catastrophic-No Function With Signal
(18175-000,30.0%)

Induced ------ 45.5% Degraded - Functioned At Improper Signal Level
(18175-000,34.0%) (18175-000,35.0%), Degraded - Intermittent
Operation (18175-000,11.0%) (18175-000,11.0%)

Unknown ------ 21.5% Unknown (18175-000,21.0%) (18175-000,22.0%)

Sensor, Level,Transmitter Sources:1
Degraded Output 44.9% 22.0% Degraded - Erratic Output (18175-000.11.0%), Degraded -

High Output (18175-000,5.0%), Degraded - Low Output
(18175-000,6.0%)

Zero or Maximum Output 36.7% 18.0% Catastrophic-Zero Or Maximum Output (18175-000,18.0%)

No Operation 18.4% 9.0% Catastrophic-No Change/Output With Change/Input
(18175-000,9.0%)

Unknown 51.0% Unknown (18175-000,51.0%)

Sensor,fieteorvlogical Sources:l
Degraded output 49.1% 26.0% Degraded - Erratic Output (18175-000,18.0%), Degraded -

High Output (18175-000,4.0%), Degraded - Low Output
(18175-000,4.0%)

Zero or Maximum Output 37.7% 20.0% Catastrophic-Zero Or Maximum Output (18175-000,20.0%)

No Operation 13.2% 7.0% Catastrophic-No Change/Output With Change/Input
(18175.-000,7.0%)

Unknown 47.0% Unknown (18175-000,47.0%)

Sensor, Power Supply Sources:1
Degraded Output 51.0% 25.0% Catastrophic-Excessive Output (18175-000,1.0%),

Catastrophic-Failed To Regulate (18175-000,24.0%)

No Output 49.0% 24.0% Catastrophic-No Output (18175--000,24.0%?

Induced ------ 33.0% Degraded - Over Regulated Volt&ge (18175-000,4.0%),
Degraded - Under Regulated Voltage (18175-000,17.0%),
Degraded - Excessive Ripple (18175-000,12,0%1

Unknowt, ------ 18.0% Unknown (18175-000,18.0%)
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FMD-91 Failure Distribution Sum~maries 3-197
Part Failure Norm Fail Datu
Does. Mode/Such Dist, Dist. Source(s)/Details

Sq'nsor,Power Transducer Sources:1
Degraded Out~put 86.0% 86.0% Degraded -Erratic Output (18175-000,17.0t), Degraded

High Output (18175-000,2.0t), Degraded - Low Output
(18175-000, 67.0%)

Zero or Maximum Output 14.0% 14.0% Ceo.astrophio-Zero Or Maximum~ Output (181'75-000,141.0%)

Sensor, Presauro Sources: 1
No Operation 84.8% 19.5t Catastrophic-No Function With Signal (18175-000,19.0%)

(18175-000,20 .0.)

Function Without signal 15.2% 3.5% catastrophic-Functioned Without Signal (16175-000,3.0%)
(18175-000,4.0%)

Induced ---- 57.0% Degraded - Functioned At Imprnper Sign~al Level
(18175-000,56.0%) (18175-000,56.0%), Degraded - Intermittent
operation (18175-000, 1.0%) (18175-000, 1.0%)

Unknown ---- 20.0% Unknown (101)5-000t20.0%) (18175-000,20.04)

Sensor, Pressuue. Transmitter Sources :1
Degraded Output 41.24 20.3% Degraded - Erratic Output (18175-000,8.0%) (18175-000,9.0%)

(18175-000,9.0%), Degraded - High Output (18175-000,8.0%)
(18175-000,9.0%) (19175-000,8.0t), Degraded - Low Output
(18175-000, 3.0%) (19175-000,4.0t) (18175-000, 4.0%)

Zero c'r Maximum Output 33.1% 16.3% Catastrophic-Zero Or Maximum Output (18175-000,9.0%)
(18175-000,20.0%) (19175-000,20.0%)

No Operation 24.3% 12.0% Catastrophic-No Change/Output With change/Input
(18175-000,5.0%) (19175-000,10.0%) (18175-000,10.0t),
Catastrophic-No Function With Signal (18175-000,11.0%)

Function Without Signal 1.4% 0.7% Catastrophic-Functioned Without Signal (18175-000,2.0%)

Unknown ---- 44.0% Unknown (18175-000,34.0%) (18175-000,49.0%41
(18175-000, 49.0%)

Induced-------------------6.7% Degraded - Functioned At Improper Signal level
(18175-000,19.0%), Degraded - Inteimittent Operation
(18175-000,1.0'k)

Sensor, Radiation Sources :1
Degraded Output 54.3% 44.0% Degraded - Erratic Output (18175-000,22.0%)

(18175-000,22.0%), Degraded - High Output (18175-000,11.0%)
(18175-000,11.0%), Degraded - Low Output (18175-000,11.0%)
(18175-000, 11.0%)

Zero or Maximum Output 25.9% 21.0% Catastrophic-Zero Or Maximum Output (18175-000,21.0%)
(18175-000,21.0%)

No Operation 19.8% 16.0% Catastrophic-No Change/output With Change/Input
(18175-000,16.0%) (18175-000,16.0%)

Unknown-------------------19.0% Unknown (18175-000,19.0%) (18175-000,19.0%)
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3-198 Failure Distribution Summaries _FMD-91

Part Failure Norm Fail Data
Deso. Mode/Msch Dist. Dist. Source(s)/Details

Sensor, Recorder Sourcesil
Degraded Output 47.4% 18.0% Degraded - Erratic Output (18175-000,12.0%), Degraded -

High Output (18175-000,3.0%), Degraded - Low Output
(18175-000,3.0%)

No Operation 42.1% 16.0% Catastrophic-No Change/Output With Change/Input

(18175-000,16.0%)

Zero or Maximum Output 10.5% 4.0% Catastrophic-Zero Or Maximum Output (18175-000,4.0%)

Induced 43.0% Degraded - No Chart Motion (18175-000,NR)
(16175-000,19.0%), Degraded - No Recording (18175-000,24.0%)

Unknown ------ 19.0% Unknown (18175-000,19.0%)

Sensor, Seismic Instrument Sourcea:l
Degraded Output 50.7% 34.0% Degraded - Erratic Output (18175-000,27.0%), Degraded -

High Output (18175-000,2.0%), Degraded - Low Output
(18175-000,5.0%)

No Operation 29.9% 20.0% Catastrophic-No Change/Output With Change/Input
(18175-000,20.0%)

Zero or Maximum Output 19.4% 13.0% Catastrophic-Zero Or Maixmim Output (18175-000,13.0%)

Unknown 33.0% Unknown (18175-000,33.0%)

Sensor, shock Sources:1
Degraded Output 50.7% 34.0% Degraded - Erratic Output (18175-000,20.0%), Degraded -

High Output (18175-000,7.0%), Degraded - Low Output
(18175-000,7.0%)

No Operation 32.8% 22.0% Catastrophic-No Change/Output With Change/Input
(18175-000,22.0%)

Zero or Maximum Output 16.4% 11.0% Catastrophic-Zero Or Maximum Output (18175-000,11.0%)

Unknown ------ 33.0% Unknown (18175-000,33.0%)

Sensor,Signal Modifier Sources:1
Degraded Output 74.0% 37.0% Degraded - Erratic Output (18175-000,14.0%), Degraded -

High output (18175-000,14.0%), Degraded - Low Output
(18175-000,9.0%)

Zero or Maximum Output 22.0% 11.0% Catastrophic-Zero Or Maximum Output (18175-000,11.0%)

No Operation 4.0% 2.0% Catastrophic-No Change/Output With Change/Input
(18175-000,2.0%)

Unknown 50.0% Unknown (19175-000,50.0%)
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FMD-91 Failure Distribution Summaries 3-199
Part Failure Norm Fail Data
Deac. Mode/Msch Dist. Dist. Source(O)/Details

Sensor, Speed Sourcesl1
Degraded Operation 100.0% 50.0% Deqraded (18175-000,50.0%)

Unknown ------ 50.0% Unknown (18175-000,50.0%)

Sensor, Speed,Centrifugal Switch Sourcesal
No Operation 79.8% 35.1% Catastrophic-No Function With Signal (18175-000,39.0%)

(18175-000,40.0%)

Function Without Signal 20.2% 8.9% Catastrophic-Functioned Without Signal (18175-000,10.0%)
(18175-000,10.0%)

Induced . . 56.0% Degraded - Functioned At Improper Signal Level
(18175-000,25.0%) (18175-000,25.0%), Degraded - Intermittent
Operation (18175-000,25.0%) (18175-000,26.0%), Degraded -
Functioned At Improper Speed Level (18175-000,25.0%)

Sensor,Speed, Transducer Sources:1
Degraded Output 50.0% 50.0% Degraded - Erratic Output (18175-000,5.0%)

(18175-000,5.0%), Degraded - High Output (18175-000,10.0%)
(18175-000,10.0%), Degraded - Low output (18175-000,35.0%)
(18175-000,35.0%)

Zero or Maximum Output 40.0% 40.0% Catastrophic-Zero Or Maximum output (18175-000,40.0%)
(18175-000,40.0%)

No Operation 10.0% 10.0% Catastrophic-No Change/Output With Change/Input
(18175-000,10.0%) (18175-000,10.0%)

Sensor, Temperature Sources:2
Change in Resistance 55.1% 50.0% Low Resistance Values (10722-000,Oty:I)

Zero or Maximum Output 20.9% 19.0% Catastrophic-Zero Or Maximum output (18175-000,18.0%)
(18175-000,58.0%)

Degraded Output 17.1% 15.5% Degraded - Erratic Output (181'75-000,10.0%)
(18175-000,23.0%), Degraded - High Output (18175-000,8.0%)
(18175-000,9.0%), Degraded - Low Output (18175-000,3.0%)
(18175-000,9.0%)

No Operation 3.9% 3.5% Catastrophic-No Change/Output With Change/Input
(18175-000,2.0%) (18175-000,2.0%), Catastrophic-No Function
With Signal (18175-000,10.0%)

Function Without Signal 3.0% 2.8% Catastrophic-Functioned Without Signal (18175-000,11.0%)

Induced ------ 5.5% Degraded - Functioned At Improper Signal Level
(18175-000,17.0%), Degraded - Intermittent Operation
(18175-000,5.0%)

Unknown 3.8% Unknown (18175-000,15.0%)
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3-200 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deso. Mode/Mnah Dist. Dist. Source(s)/Detaila

Sensor, Temperature,.Element Transducer Sourcesi1
Zero or Maximum Output 65.0% 65.0% Catastrophic-Zero Or Maximum Output (18175-000,(65.05)

Degraded Output 33.0% 33.0% Degraded - Erratic Output (18175-000,19.0t), Deg;raded -
High Output (18175-000,6.0%), Degraded - Low Output
(18175-000,8.0%)

No Operation 2.0% 2.0% Catastrophic-No Chango/Output With Change/Input
(18175-000,2.0%)

Sensor, Temperature, Process Switch Sources :1
Function Without Signal 54.3% 19.0% Catastrophic-Functioned Without Signal (18175-000,19.U%)

(18175-000,19.0%)

No Operation 45.7% 16.0% Catastrophic-No Function With Signal (18175-000,16.0%)
(18175-000, 16.0%)

Induced ....... 65.0% Degraded - Functioned At Imprcper Signal Level
(19175-000,50.0%) (18175-000,50.0%), Degraded - Intermittent
operation (18175-000,15.0%) (18175-000, 15.0%)

Sensor, Temperature, Transmitter Sourcest:1
Degraded Output 49.4% 41.0% Degraded - Erratic Output (18175-000,14.0%)

(18175-000,15.0%), Degraded High Output (18175-000,23.0%)
(18175-000,24.0%), Degraded - Low Output (18175-000,3.0%)
(18175-000,3.0%)

Zero or Maximum Output 42.2% 35.0% Catastrophic-Zero Or Maxir•um Output (18175-000,35.0%)
(18175-000,35.0%)

No Operation 8.4% 7.0% Catastrophic-No Change/Output With Change/Input
(18175-000,7.0%) (18175-000,7.0%)

Unknown 17.0% Unknown (18175-000,17.0%) (18175-000,17.0%)

3ensor, Totalizer Sources :1
Degraded Output 43.8% 31.8% Degraded - Erratic Output (18175-000,19.0%), Degraded -

High Output (18175-000,11.0%), Degraded - Low Output.
(18175-000,5.0%)

No Operation 35.0% 25.5% Catastrophic-No Change/Output With Change/Input
(18175-000,18.0%), Catastrophic-No Change/Output With
Change/Time (18175-000,10.0%)

Zero or Maximum Output 21.3% 15.5% Catastrophic-Zero Or Maximum output (18175-000,17.0%)

Unknown 27.3% Unknown (18175-000,30.OP.)

Sensor, Transducer Sources :2
Degraded Output 52.2% 52.2% Incorrect Output (24996-000,52.0%), Incorrect output

(24997-000,52.0%)

Intermittent Operation 22.1% 22.1% Intermittent (24996-000,22.0%) (24997-000,22.0%)

Mechanical Failure 19.1% 19.1% Mechanical Failure (24996-000,19.0%), Mechanical failure
(24997-000, 19.0%)

No Output 6.7% 6.7% No Output (24996-000,6.7%), No output (24997-000,6.7%)
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FMD-91 Failure Distribution Summaries 3-201
Part Failure Norm Fail Data
Dome. Mode/Mach Dist. Dist. Source(s)/Details

Senvor, Traneduoer/Transmit Sourcesil
No Operation 42.9% 30.0% Printer Inoperative (19542-000,30.0%)

Noisy Vauwmn Co1,n 28.6% 20.0% Vacuum Column Noisy (19542-000,20.0%)

Relay Failure 28.6% 20.0% Relay Defective (19542-000,20.0%)

Unknown 30.0% Unknown (19542-000,30.0%)

Sensor, Vtbratioai Sources:l
Degraded Output 49.3% 33.0% Degraded - Erratic Output (18175-000,25.0%), Degraded -

High Outpt (18175-000,3.0%), Degraded - Low Output
(18175-000,5.0%)

Zero or Maximum Output 35.8% 24.0% Catastrophic-Zero Or Maximum Output (18175-000,24.0%)

No Operation 14.9% 10.0% Catastrophic-No Change/Output With Change Input
(18175-000,10.0%)

Unknown 33.0% Unknown (18175-000,33.0t)

Sensor,Water Chemistry Sourcessl
Degraded Output 62.3% 33.0% Degraded - Erratic Output (18175-000,21.0%)

(18175-000,21.0%), Degraded - High Output (18175-000,1.0%)
(18175-000,1.0%), Degraded - Low Output (18175-000,11.08)
(18175-000,11.0%)

No Operation 32.1% 17.0% Zatastrophic-No Change/Output With Change/Input
(18175-000,17.0%) (18175-000,17.0%)

Zero or Maximum Output 5.7% 3.0% Catastrophic-Zero Or Maximum Output (18175-000,3.0%)
(18175-000,3.0%)

Unknown ------ 47.0% Unknown (18175-000,47.0%) (18175-000,47.0%)

Servo,Motor Starter Sources:l
Low Resistance 100.0% 10C.0% Low Resistanc¢e-Vuided Epoxy Over Coat (10722-000,Qty:l)

Servo,Stepping Motor Sources:3
Induced - - 0.1% Extreme Overvoltage (24417-001,NR)

Other ------ 100.0%

Control Winding Phase Shift NR Improper Phase Shift for Control Winding (24417-001,NR)

Loose NR Radial/End Play of Slaft (24417-001,NR)

Motor Failure NR Overloading of Motor (24417-001,11R)

Wire Failure NR Defective Wire/Insulation (24417-001,NR)

Hearing Failure NR Brinelled or Damaged Bearings-Shock Loads (24417-001,NR),
Misapplication of Bearing Type (24417-001,NR)
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3-202 Failure Distribution Summaries ....... _FMD-91

Part Failure Norm Fail Data
Dese, Mode/Match Vist. Dist. Source(a)/Deatails

Servo, Taohomter# Generator Souraes :1
Induced - <0.1% Reduced Air Gap-Mach. Overstress due to Handling

(24417-001,NR), Inaccu'ate Clutput-Impropor Solecticn of
Parts (24417-001,NR)

Other ------ 100.0%
Drift NR Drift Irn Performance (244l7.-001,NR)

Shaft Sources :3

Seized 47.4% 33.3% Worn Shaft/Keyway - Seized (25101-000,Qtyl)

Cracked/Fractured 35.5% 25.0% CracKed/Fractured (20609-000,Qty:3)

Dent/Dented/Warped 11.8% 8.3% Warped (20609-000,0ty,1)

Rust/Ruotted 5.3% 3.7% Rust Under Gusset (19542-000,11.1%)

Unknown 22.2% Unknown (19542-000,66.7%)

Induced 7.4% Hinqe Redesign Required (19542-000,11.1%), Unit Had Grease
Which Has Frozen (19542-000,11.1%)

Shaft Assenmbly Souroes:1
Out of Adjustment 35.0% 33.3% Out Of Adjustment - Excessive Play (25101-000,Qty:6), Out

Uf Adjustment - Inop/Unservictable (25101-000,Qty:1)

Broken 30.0% 28.6% Part Struck/Damagpod - Broken/Damaged (25101-000,Qty:l),
BrokentDamaged (25101-000,Qty,5)

Dent/Dented/Warped 25.0% 23.8% Collapsed/Bent (25101-000,Qty'i) (25101-000,Qty:2),
Warped/Bent - Excessive Play (25101-000,Oty:l), Warped/Bent
- Binding/S',icking (25101-000,Qty:1)

3inding/Sticking 5.0% 4.8% Binding/Sticking (25101-000,Qty:l)

Excessive Play 5.0% 4.8% WQrh Shaft/Keyway - Excessive Play (25101-000,Qty:l)

induced 4.8% Lack Of Lubrication - Binding/Sticking (25101-000,oty:l)

Shaft Collar Sourcess:i
Loose 100.0% 100.0% Loose Clamp(s) - Excessive Ply (25101-000,Qty:1)

Shaft, Drive Sourcestl

Broken 25.0% 25.0% Broken/Damaged (25101-000,Qty:1)

Worn 25.0% 25.0% Worn - Inop Man Traverse (25101-000,oty:l)

Dent/Dented/WVarped 25.0% 25.0% Warped/Bent - Binding/Sticking t25101-000,Qty:1)

Out; of Adjustment 25.0t 25.0% Out Of Adjustment - Excessive Play (25101-000,Qty:l)

.e.sb.i.ty AMys.. Cente (PAC) o 201 NI St., Rom, NY 13440 315-337-09



FMD-91 _____Failure Distribution Sunimaries 3-203
part Pailure Normi T'ail Data
Deuc. Mode/Afch Dist . Dist. Source(-O/Details

NhA R, Equi INr-ator -' Sourcesil
Broken 100.0% 25' 0% Poor Design - Broken/Damaged C251O1-0O0,Qtyil)

Induced ---- 75.0% Poor Design - Fnd In TI/PMCS/INSP (251.01-000,Qty:.2), Poor
Design - Preventive Action (251.01-000,Qty:1)

Shaft, Shoulderud Souircesil
Worr 34.8% 29.6% Worn Out (a5101-00O,0ty:1) (25101-000,oty:2), Worn-

Thop/Unserviceable (25101-000,Qty:3), Worn - Noisy
(26101-000,0ty:1), Worn - Inop Man Traverse
(25101-000,Qty: 1)

Bent/Dented/Warjped 26.1% 22.2% Warped/Bent - mop Man Elevation (25101-OOO,Qtyil),
Warped/Bond -Noisy (25101-000,Qtyil), Warped/Bent-
Binding/Sticking (251.0i..000,Qty:l), Collapsed/Bent
(25101-O0O,Qty:l) (25103-O0O,Qty:2)

Broken 17.4% 14.8% Part Struck/Damaged - Inop Man Elevation (25101-O00,Q~ty:1).,
Worn/Stripped - Broken/Damaged (251,O1-OOO,Qty:l),
Broken/Damaged (25101-000,gty:l) (25101-000,Qty:l)

Binding/Sticking 13.0% 11.1% Part Struck/Damaged - Binding/Sticking (25101-000,Qty:2),
Binding/Sticking (25101-000,Qtytl)

Excessive Play 8.7% 7.4% Worn - Excessive Play (25101-0OOQty:l) (25101-000,oty:1)

Induced ---- 1.8% Caused By other Failure - Found In TI/PMCS/Insp
(25101-000,,Qtyzl), Improper Maintenance - Broken/Damaqed
(25101-000,oty.l), Improper Maintenance - Stripped
(25101-000,Qtysl), Item Abuse/Negleet - Broken/Damaged
(25101-000, oty: 1)

Shaft, Straight Sources:1

Loose 40.0% 40.0% Out Of Adjustment - Loose (25101-000,Qtyt2)

Worn 40.0% 40.0% Worn Out (25101-000,oty:2)

Out of Adjustment 20.0% 20.0% Out Of Adjustment - Inop Man Elevation (25101-000,Qty:l)

Shaft,Worm Sources :1
Broken 22.20 15.4% Brok3n/Damaqed (25101-000,Qty:lp, Shaft Broken -

Binding/Sticking (25101-000,Qty:l)

Excessive Play 22.2% 15.4% Worn - Excessive Play C25101-000,Qty:2)

Seized 11.1% 7.7% Seized (25101-000,Qty:l)

Worn 11.1% 7.7% Worn/Shaft/Keyway - Loose (25101-000,Qty:l)

Bent/Dented/Warped 11.1% 7.7% Warped/Bent - Inaccurate (25101-000,Qty:l)

Loose 11.10 7.7% Oversize - Loose (25101-0OOQty:l)

Out of Adjustment 11.1% 7.7% Out Of Adjustment - Inaccurate (25101-000,Qty:l)

Induced-------------------30.8% Overtorqued - Stripped (25101-000,gtyil), Caused By Other
Failure-Excessive Play (2510i-000,Qtyml), Caused By Other
Failure-Broken/Damaged (25101-000,Qty:l), Dropped-
Broken/Damaged (25101-000,Qty:l)
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3-204 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deoc. Mode/Mach Dist. Dist. Source(s)/Details

Shield,Coil imator Sources:l
Bent/Dented/Warped 100.0% 100.0% Collapsed/Bent (25101-000,Qty:l)

Shim Sources:l

Binding/Sticking 50.0% 20.0% Oversize - Binding/Sticking (25101-000,Qty:l)

Excessive Play 50.0% 20.0% Vibration - Excessive Play (25101-000,Oty:l)

Induced ------ 60.0% Improper Install - Found In TI/PMCS/Insp (25101-000,Qty:l),
Improper Installation - Cracked (25101-000,oty:l), Missing
(25101-000,oty:1)

Shock Absorber Sources:1

Aged/Deteriorated 100.0% 25.0% Requires Refurbishing (19542-000,25.0%)

Induced 50.0% Improper Mount (19542-000,50.0%)

Unknown 25.0% Unknown (19542-000,25.0%)

Sight Case Stow Brkt Sources:l
Worn 100.0% 66.7% Deteriorated/Aged - Worn Out (25101-.000,Oty:2)

Unknown ------ 33.3% Unknown (25101-000,oty:l)

Siren,Annunciator Module Sources:l

Degraded Operation 58.9% 58.9% Degraded (19175-000,53.0%)

Fails to Op. on Demand 40.0% 40.0% Catastrophic-Fails To Operate On Demand (18175-000,36.0%)

Spurious/False Operation 1.1% 1.1% Catastrophic-Operates Spurious Or False Response
(18175-000,1.0%)

Sleeve Assembly Sources:l
Loose 100.0% 100.0% Internal Failure - Loose (25101-000,Oty:I)

Sleeve, Spacer Sources:1
Induced ------ 100.0% Improper Maintenance - Slams Into Battery (25101-000,Qty:l)

Socket,Ball Seat Sources:1
Loose 89.5% 85.0% Loose (25101-000,Qty:1) (25101-000,oty:4)

(25101-000,Oty:ll), Out Of -Adjustment - Loose
(25101-000,ty:1)

Excessive Play 5.3% 5.0% Excessive Play (25101-000,Qty:l)

Binding/Strcking 5.3% 5.0% Binding/Sticking (25101-000,Oty:l)

Unknown 5.0% Unknown (25101-000,Qty:1)
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F'MD-91 Failure Distribution Summaries 3-205
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Socket, IC Sources 1
Induced ------ 0.1% Repeated Insertions (22540-000,NR), Incompatible I.C.

Socket Plating and Lead FlaLing (22540-000,NR)

Other ------ 100.0%
Change in Resistance NR High Contact Resistance (22540-000,NR)

Insulation Failure NR Loss of Insulation Integrity (22540-000,NR)

Walk-Out NR Failure to Hold I.C. in Place (Walk-Out) (22540-000,NR)

Socket, Tube Sources: 1
Unstable Operation 71.4% 71.4% Unstable (24992-000,71.4%)

Shorted 14.3% 14.3% Short (24992-000,14.3%)

Opened 14.3% 14.3% Open (24992-000,14.3%)

Software Sources :2
Design Chaziges 45.9% 43.8% Design Changes (24996-000,43.8%) (24997-000,43.8%)

Design Error 40.9% 39.0% Software Design Errors (24996-000,39.0%), S/W Design Errors
(24997-000,39.0%)

User Error 7.4% 7.0% Error in Keybrd/Coding!Handling (24996-000,7.0%)
(24997-000, 7.0%)

Documentaticn Error 5.7% 5.5% Documentation Error (24996-000,5.5%) (24997-000,5.5%)

Unknown 4.7% Unknown (24996-000,4.7%) (24997-000,4.7%)

Other 0.0%
Output Errors NR Modes: Output Errors (24996-000,NR) (24997-000,NR)

Program Halts NR Modes: Program Halts (24996-000,NR) (24997-000,NR)

Solenoid (Summary)
Shorted 51.5%
Binding/Sticking 28.7%
Spring Failure 14.9%
Opened 5.0%

Solenoid Sources :3
Shorted 51.5% 34.3% Short (24996-000,52.0%) (24997-000,52.0%)

Binding/Sticking 28.7% 19.1% Mechanical Binding G Sticking (24996-000,29.0%), Mechanical
binding and sticking (24997-000,29.0%)

Spring Failure 14.9% 9.9% Weak Spring Action (24996-000,15.0%), Weak spring action
(24997-000,15.0%)

Opened 5.0% 3.3% Open Circuit (24996-000,5.0%) (24997-000,5.0%)

Unknown 33.3% Unknown (19542-000,100.0%)

Relibiity Anyss Cnte (RAC e 201 W St., Rome, NY 13440 * 315-337-0900



3-206 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Spindle Assembly Sources 1
Cracked/Fractured 100.0% 100.0% Cracked (25101-000,Qty:1)

Spindle, Brake, Group Sources :1
Cracked/Fractured 55.2% 41.0% Cracked (25101-OOO,Qty:l) (25101-000),Qty:ll), Poor Design-

Cracked (2510l-OOO,Q2ty:4)

Broken 37.9% 28.2% Broken/Damaged (25101-000,Qty:1) (25101-000,Qty:1)
(25101-000,Qty:2) C25101-000,Qty:S), Poor Design -
Broken/Damiaged (25101-000,Oty:l), Broken/Separated -
Broken/Damaged. (25101-000, Oty: 1)

Worn 3.4% 2.6% Worn out (25101-000,Qty:l)

Out of Adjustment 3.4% 2.6% Brakes Not Adjusted C25101-000,Qty:l)

Induced ---- 25.6% Improper Maintenance - Missing (2510l-000,Qty:l), Item
Abuse/Neglect - Worn out (25l0l-000,Qty:2), Improper
Maintenance - Broken/Damaged (25101-000,Oty:2), Item
Abuse/Neglect - Broken/Damaged (25l01-000,Qty:1), Caused By
Other Failure-Broken/Damaged (25101-000,Qty:4)

Spindle, Brake, Support Sources: 1
Cracked/Fractured 39.1% 22.0% Cracked Weld-Cracked (2510l-000,Oty:3) (25101-000,Qty:3),

Vibration - Cracked (25101-000,Qty:l) (25101-000,Qty:l),
Part Struck/Damaged - Cracked (25101-OOC,Qty:l)

Broken 30.4% 17.1% Part Struck/Damaged - Broken/Damaged (25l01-000,Qty:l)
(25101-000,Qty:l), Broken/Damaged C25101-000,Qty:l)
C25101-000,Qty:1), Part Struck/Damaged - Broken Bolt(s)
(25101-000, Qty:l), Part Struck/Damaged - Inop/Unserviceable
(25101-000, Qty:2)

Bent/Dented/Warped 8.7% 4.9% Collapsed/Bent (25101-000,Qty.l) C25101-000,Qty:l)

Excessive vibration 8.7% 4.9% Vibration - Fnd In TI/PMSC/INSP (25101-00,0ty:2)

Bearing Failure 4.3% 2.4% Bearing Failure-Worn Out (25101-000,Qty:l)

Out of Adjustment 4.3% 2.4% No Failure - Out Of Adjustment (25l0l-O00,Qty:l)

Loose 4.3t 2.4% No Failure - Loose (251O1-000,Qty:l)

Induced 43.9% improper Adjustment - Loose (25lO1-DOO,Qty:l), Lack of
Lubrication - Seized (25101-000,Qty:3), improper Adjustment
- Out Of Adjustment (25101-OOO,Oty:l), Improper Maintenance
- Missing (25101-00D,Qty:l), Fell off Or Lost - Missing
(25l01-OOO,Qty:4), Vibration - Missing (251O1-OOO,Qty:l),
Improper Maintenance - Collapsed/Bent (25101-000,Qty:l),
Item Abus~e/Neglect - Collapsed/Bent (251O1-OOO,Qty:l)
(25101-000,Qty;1), Lack Of Lubrication - Binding/Sticking
(251O1-OOO,gty:l), Lack of Maintenance - Binding/Sticking
(25l01-OOO,Qty:l), Lack Of Maintenance - Noisy
(251O1-OOO,Qty:l), Improper Installation - Binding/Sticking
(25101-000, Qty: 1)
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FMD-91 Failure Distribution Summaries 3-207
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Spire.le, Flange Sources :1
Bent/Dented/Warped 100.0% 100.0% Collapsed/Bent (25101-000,Q1ty:1)

Spindle, Handwheel Sources :1

Brok,, 50.0% 33.3% Broken/Damaged (25101-000,Oty:l)

Binding/sticking 50.0% 33.3% Worn - Binding/Sticking (25101-000,Qty:l)

induced ----- 33.3% Caused By Other Failure-Broken/DanrAged (25101-000,Oty:l)

Splice, Fiber Optic Sources:l
Induced <0.1% Bad Cleaves (23413-000,NR), Improper Assembly Techniques

(23413-000, NR)

Other 100.0%
Broken NR Fiber Breakage (23413-000,NR)

Fiber Endface Seperation NR Fiber Endface Seperation due to Improper Assembly
(23413-000, NR)

Contaminated NR Dirt (23413-000,NR)

Excessive Vibration NR Vibration (23413-000,NR)

Spring (Summary)
Creep 27.2%
Broken 22.6%
Worn 19.9%
Weakened 11.7%
Dragging 11.2%
Bearing Failure 7.5%

Spring Sources .2
Broken 41.8% 27.3% Broken (20609-000,Qty:15), Broken/Damaged (25101-000,Qty:2)

Weakened 24.6% 16.1% Weak (20609-000,Oty:2), Spring Weak - Inop/Unserviceable
(25101-000,Qty:l), Spring Weak - Excessive Play
(25101-000,Qty:i), Spring Weak - Locked (25101-000,Qty:2),
Spring Weak - Binding/Sticking (25101-000,Qty:1)

Binding/Sticking 12.1% 7.9% Binding/Sticking (25101-000,Qty:2), Sticking - Loose
(25101-000, Oty: 1)

Scored 9.0% 5.9% Scored (20609-000,Qty:4)

Excessive Play 8.0% 5.3% Excessive Play (25101-000,Qty:2)

Worn 4.5% 2.9% Worn Out (20609-000,Qty:ý)

Unknown 16.2% Unknown (20609-000,oty:11)

Induced 13.2% Ifproper Maintenance - Missing (25101-000,Qty:i), Lack Of
Lubrication - Broken/Damaged (25101-000,Qty:?), Lack Of
Lubrication - Sei~ed (25101-000,Qty:2)

Other (<%5) 5.3%
Corroded 2.6% Corroded-Seized (25101-000,Qty:1)
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3-208 Failure Distribution Summaries _ ___FMD-9~1

Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Sourc*Ws/09taiis

spring (continued)
Other (continued)

Aged/Deteriorated 2.6% Deter io rated /Agqd - Bind ing/St ick.Ing (28.l01-000,Oty.:1)

Spring Brake Amoy Sources:l
Binding/'Sticking 100.0% 100.0% Shaft clinding (l0122-000,CQty:l)

Spring1 Brake Sources :1
Dragging 50.0% 33.3% Brake Dragginq-ronducti'* Contam./Inad. Clearance

(10722-000,QtLY:1!, Brake Dragging (30722-OOD,Qty:l). Bra.ke
Dragging-Insuff. Clearance Sprinq Disc>Case
(10722-000. Qty:l)

Bearing Failure 33.3% 22.2% Seized Bearing ý10722-000,Qty:li, Bearing Seizure-lmprper
Pearing (10122-000,Oty:l)

Cconnection failure 16.7% 11.1% open Connection Between Magnet Wire & Termination
(10722-000,Q2ty:l)

Unknown ---- 22.2% Unknown (l0722-O0,Qty.-l) (10722-000,Qty,-1)

Induced ---- 11.1% Excessive Drag-Improperly installed Brake~ Disk
(10722-000, Oty: 1)

Spring, Helic-al ~Sources :1
Weakened 37.1% 25.0% spring Weak - Inop/tUnserviceable (25101.-000,Qty:l)

(25101-000,Qty.,1) (25101-000,Qty:l) (25101-000, Qtyc2),
Spring Weak - Broken/Damaged (25101-000,QtyW.
(251Ol-00O,Qt-y:2), Spring Weak - Misfire (25101-000,Qty:1),
Spring Weak - Found In TI/PMCS/Iiisp (25101-000,Oty:2),
Spring Weak - Inoperative Charging (25101-000,Qty:l), Spring
Weak - Binding/Sticking (25l01-000,Qty~l)

Bent/Dented/Warped 28.6% 19.2% Warped/Bent - Iriop/Unserviceable (25101-000,Qty:l)
(25101-000,Qty:l), Warpod/Bent - Broken/Damaged
(25i0l-O0O,Qty:l.) (251-31-000,Qty:,3), Collapsed/Bent
(25101-000,Qty:2), Warped/Bent - Found In TI/PMCS/Insp
(25l0l-OOCJ,Oty:l), Warped/Bent - Binding/Sticking
(251O1-000,0ty-l)

Aged/Deteriorated 14.3% 9.6% Deteriorated/Aged - Broken/Damaged (25101-000,oty:1)
(25l0l-O0O,Qty:?), Deteriorated/'Aged - Leaking Hydraulic Oil
(25l01-00D,Qty:l), Deteriorated/Aged - Fnd In TI/PMSC/INSP
(25 101-000, Qty: .L)

Broken 11.4% 7.7% Broken/Damaged (251O1-O0O,Qty:l) (25101-000,Qrty:2),
Broken/Separated - Inop/Sluggish Breech (25101-000,%2ty:l)

Loose G.6% 5.8% Part Missing/Loo.ne - Inop/Unservie-eable (25l01-000,Qty:l),
Part Missing/Loose - Misfi~re (25101-000,Qty:lL. Part
MissinglLoame - Broken/Damaged (25101-000,Qty:l)

Induced 23.1% improper :nstall - Inop/Sluggish Breech (25101-ODO,Qtyrl),
Improper Maintenance - Missing (2510l-000,oty:1), Operator
Error - Inop/:Inserviceabie (25101-000,Qty:l). Dropped-
Inop/Unservic~eable C25101-0O0,Qty:l), Improper install-
Misfire (25l01-000,Qt~y.1: , Improper install -,

lnop/Ur~serviceable J25101-0OD,Oty:3), Stepped On-
Collapsed/Bent (2S101-000,otysl), Caused By Other
Failurs-Broken/Damaged (25101-000,Qty.l), Lack Of
Lubrication - Binding/Sticking (25101-000,Qty:i), lack Of
Mainitenance - Seized C251Cl-000,Qty:l)
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FMD-91 Failure Distribution Suninurieg 3-209
Part Failu~re' Norm Fail Data
Dosc. Mode/Mach Dist. Dist. Source(u)/Details

ýp~ri-n9, 5Ilica1 (continued)
Unknown -- * 1.9% Unkn~own f25101-000,Qty:1)

other (<%4) ---- 7.7%

Binding/Sticking 1.9% Stepped On - Binding/Sticking :25101-O00,Qty:1)

Worn 1.9% Worn - Inop/Unserviceable (25101-000,Qty:l)

Seized 1.9% Seized/Frozen - Inop/Unserviceable (25101-000,NR),
Seized/Frozen - Excessive Play (25101-000,otyil)

Excessive Play 1.9% Broken/Separated - Excessive Play (25101-000,Qty:l)

Spr .ig, Instrulmnt,Light Loads Sources:2

creep 57.5% 36.5% Change of Parameter-Creep/set- (24996-000,73.0%)

Worn 36.2% 23.0% Wear (ends) (.e4996-00'0,23.0%) (24997-000,23.0%?

Broken 6.3% 4.0% Breakage or Mechanical Failure (24996-000,4.0%), Breakage
or mechanical failure (24997-000,4.0%)

Unknown ---- 36.5% Unknown (24997-000,73.0%)

Staff Assembly Sources :1
Broken 90.0% 47.4% Poor Design - Broken/Dazn~ged (25101-000,Qty:16),

Broken/Damaged (2510l-OO0,Qty.-l), Broken Ba1t(s)
(25 101-000, Qty: 1)

No Operation 10.0% 5.3% Poor Dbsign - Inop/Unserviceable (25101-000,Qty:2)

Unknown ---- 47.4% Unknown (25101-000,Qty:18)

Starter, Motor Sources :1
Shorted 100.0% 100.0% Intrawinding Short B Phase-Mechanical Stress

(10722-000,Qty: 1)

Stem Crank Assembly Sources:l
Broken 87.5% 97.5% Broken/Damraged (25101-000,Qty:l) (25101-000,gty:l)

(25101-000, Qty:5)

Worn 12.5% 12.5% Worn - Inop/Unserviceablee (25101-000,Qty:1)

Strap Assembly Sources :1

Broken 50.0% 25.0% Broken/Damaged (25101-000,Qty:2)

Bent/Dented/Warped 25.0% 12.5% Collapsed/Bent (25101-000,Qty:l)

Worn 25.0% 12.5% Dropped - Worn Out (25101-OOO,Qty:l)

induced-------------------37.5% Fell off Or Lost - Missing (25101-000,Qty:2), Missing

(25101 -000, Oty: 1)

Unknown --- 12.5% Unknown (25101-O00,Qty:l)
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3-210 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Dote
Deso. Mode/Mach Dist. Dist.. Source(s)/Details

Strap, Webbing Sources 1
Aged/Deteriorated 200.0% 60.0% Deteriorated/Aged Broken/Damaged (25101-000,0ty:1),

Oeteriorated/Aqed - Inop/Unservicaable (2510]-000, Oty3P)

Induced ------ 40.0% Fell Off Or Lost - Missing (25101-000,Qtyr2)

Stlud, Nut, Hex Sources: 1
Cracked/Fractured 100.0% 100.0% Fractured-Over Torqued (10722-000,oty:l)

Stud, Plain Sources: 1
Broken 85.7% 66.7% Broken/Damaged (25101-000,Qtyrl) (25101-000,Qty:4),

Operation Error - Broken/Damaged (25101-000,Qty:l)

Bent/Dented/Warped 14.3% 11.1% Collapied/Bent (25101-000,Qty:l)

Induced 22.2% Fell Off Or Lost - Fnd In TI/IMrS/INSP (25101-000,oty.l),
Item Abuse/Neglect - Brokcn/D~axr,,rId (25101-000, Qty: 1)

Support Assembly Sources :1
Out of Adjustment 28.6% 14.9% Out Of Adjustment - Inop/Unserviceable (25101-000,oty:l),

Out Of Adjumtment - Excessive Play (d5101-000,Qty:3)

Broken 28.6% 14.8% Broken/Damaged (25101-000,otytl) (25101-000,oty:l)
(25101-000,0ty:l), Out Of Adjustment - Broken/Damaged
(25101-000, Oty: 1)

Seized 14.3% 7.44 Seized (25101-UOOQtv:2)

Excessive Play 7.1% 3.7% Contact Defective - Ex.essive Play (25101-000,oty:l)

Bent/Dented/Warpod 7.1% 3.7% Collapsed/Bent (25101-000,Qty:l)

Loose 7.1% 3.7% Part Struck/Damaged - Loose (25101-00J,.Oty:l)

Worn 7.1% 3.7% Worn Out (25101-000,Qty:l)

Induced ------ 48.1% Improper Install - Loose (25101-000,Qty:l, Improper
Install - Out Of Adjustment (25101-000,Qty:1), Improper
Install - Inop/Unserviceable (25101-000,Qty:1), Improper
Install - Binding/Sticking (25101-000,Qty:l), Imp:oper
Install - Out Of synch (25101-000,Qty:2), Improper Install -

Imp Assembly/Install (25101-000,Qty:3), Abnormal Operation
(25101-000, Oty: 4)

Support Assembly, Left Sources:1
Excessive Play 100.0% 100.0% Excessive Play (25101-000,otyl1)
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FMD-91 Failure Distribution Summaries 3-211
Part Failure Norm Fail Data
Demc. Mode/Mech Dist. Dist. Source(s)/Details

Support Asembly,Right Sourcesil
Excessive Play 62.5% 50.0% Excessive Play (25101-000,0ty:1) (25101-O00,Qty:3),

Underalzo - Excessive Play (25101-000,Oty:l)

Loose 25.0% 20.0% Loose (25101-000,Qty:l) (25101-000,Qtytl)

Seized 12.5% 10.0% Seized (25101-000,oty1l)

Induced 10.0% Stolen - Missing (25101-000,Oty!1)

Unknown ------ 10.0% Unknowna (25101-000,Qty:l)

Support Cradle Assy Sources:I
Worn 75.0% 60.0% Worn - inop/Unserviceable (25101-000,Oty:l), Worn -

Inaccurate (25101-000,Qty:l), Worn - Found In TI/PMCS/Insp
(25101-000, Qty. 1)

Broken 25.0% 20.0%. Broken/Damaged (25101-000,Qty:l)

Induced ------- 20.0% Caused By Other Failure-Broken/Damaged (25101-000,Qty:l)

Support Rocker Assy Sources:1
Broken 60.0% 42.9% Broken/Damaged (25101-000,oty:3)

Cracked/Fractured 20.0% 14.3% Cracked (25101-000,Oty:l)

Excessive Play 20.0% 14.3% Internal Failure - Excessivve Play (25101-000,Qty:l)

Unknown ------ 14.3% Unknown (25101-000,Qty:l)

Induced ------- 14.3% Caused By Other Failure-Broken/Damaged (25101-000,oty:l)

Surface Acoust. Wave Sources:1
Induced ------- <0.1% Degradation-Surface Contamination (22540-000,NR)

Other ------ 100.0%
Variable Properties NR Highly Variable Properties-Strain (22540-000,NR)

ElecLrical Overstress NR Electro-Static Discharge (22540-000,NR)

Wire Bond Failure NR Wire Bond Failure (22540-000,NR)

Opened NR Open Ground Wire (22540-000,N?)

Cracked/Fractured NR Cracks in Substrate (22540-000,NR), Cracks in Polymide
(22540-000, NR)

AlwnOnun Migration WR Aluminum Migration (22540-000,NR)

Oxide Defects NR Growth of Aluminum Oxide (22540-000,NR)

Shorted NR Short/Open Fingers (22540-000,NR)
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3-212 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Made/Mach Dist. Dist. Source(s)/Details

Switch (Summary)
Opened ~ 31.8%
Mechanical Failure 22.6%
Shorted 18.4%
High Contact Resistance 14.2%
Drift 13.0%

Switch Sourcesi16
High Contact Resistance 30.4% 16.9t open (19542-000,1.6%) (23038-004,gty:1) (23038-004,Oty:2)

(23038-004,Qty:2) (23038-004,Qty:321) (24992-000,22.3%),
High Z (24991-000,50.041), High On Resistance Between S2 (Pin
9) and D2 (10722-000,Qty:1), Open Comntacts (24417-002,NR),
open Coils (24417-002,NR)

Mechanical Failure 18.3% 10.2% Connector Babe Pulled Out (19542-000,1.6%)#
Broken/Fractured (23038-001,Qty:1) (23038-001,Qty.,1)
(23038-002,Qty:l) (23038-002,Qty.-l) (23038-002,Qty:5), Loose
(23038-001,gty:l) (23038-001,Qty:4) (23038-002,Qty~l)
(23038-004,oty:l) (23038-005,Qty:1) (23038-005,Qty.1)
(23038-006,Qty:l), Broken Or Fractured C23038-002,Oty:1l)
(23038-006,Oty:4), Mechanical Failure (24996-000,51.0t),
Broken Contacts (24417-002,NR), Mechanical failure
(24997-000, 51.0%)

Shorted 14.3% 8.0% Q-3 Leads Shorted (19542-000,1.6t), Short (19542-000,3.2%)
(20609-000,Qty:31) (24992-000,2.1%) (24996-000, 9.0%)
(24997-000,9.0%) (25038-000,8.0%), Low Z (24991-000,50.0%),
Shorted or Grounded (23038-00l,Qty:1) (23038-003,Qty.-l)
(23038-004,Oty:1) (23038-OO5,oty: 1) (23038-005, Qty: 1)
(23038-005,Qty:ý,) (23038-006,Qty:3), Grounded Electrically
(23038-002,Qty:1) (23038-002,Qty:1) (23038-004,Qty:l),
Shorted/Ground (23038-003,Oty:2), Shorted or Grounded
(23038-003,Qty:1), Shorted/Grounded (23038-006,Qty:1)

Broken 12.7% 7.0% Broken (23038-001,Qty:1) (23038-002,Qty:1)
(23038-002,Oty:1)l (23038-002,Qty:-5) (23038-003, Qty: 1)
(23038-003,Qty:2) (23038-004,Qty:1) (23038-004,Qty.-I)
(23038-004,Qty.-l) (23038-004,Qty:1) (23038-004,Oty:2)
(23038-004,Qty:3) (23038-004,Qty:4) (23038-005, Oty: 1)
(23038-005,Qty:2) (23038-005,Qty:2) (23038-005,Qty:3)
(23038-005,Qty:3) (23038-OO5,Qty: 9) (23038-006, Qty: 1)
(23038-006,Qty:4) (25464-OOO,Qty:196)

Binding/Sticking 10.4% 5.8% Binding Stuck or Jammed (25464-000,Qty:118), Sticky
(23038-002,Qty:1) (23038-002,Qty:2) (23038-003,Qty:2)
C23038-003,Qty:3) (23038-004,Oty: 1) (23038-004, Oty.2)
(23038-005,Qty:2) (23038-005,Qty. 6) (23038-006, Oty: 1)
(23038-006,QtIy.1) (23038-006,Qty:4), Sticky; Broken
C23038-002,Qty:2), Bind/Size/Friction (23038-003,Qty:1)
(23038-004,Qty:l) (23038-004,Qty:l) (23038-004,Qty:3),
Binding (23038-003,Qty:l) (23038-004,Oty:1), Friction
Excessive (23038-005,Qty:6), Binding of Moving Parts
(24417-002, NR)

Intermittent operation 7.4% 4.1% Intermittent (20609-000,Qty:73) (23038-001,Qty:1)
(23038-003,Qty:l) (23038-004,Qty:l) (23038-004,oty:1)
(25038-000, 19.0%), Intermittent Circuit (24996-000,13.0%),
Intermittent circuit (24997-000, 13.0%)

Noisy/Unstable/Chatter 6.5% 3.6% Unstable (20609-000,Qty:40) (23038-005,Qty:l)
(24992-000,40.6t), Noisy/Chattering (25464-000,Qty:26)

Unknown ---- 15.6% Unknown (19542-000,1.6%) (19542-000,1.6%) (19542-000,1.60)
(19542-000, 43.5%) (20609-000,Qty: 17) (20609-000,Qty:.354)
(23038-001,Qtytl) (23038-00l,Qty:2) (23038-001,Qty:6)
(23036-002, Qty:1) (23038-002, Qty: 1) (23038-002, Oty: 2)
(23038-002,O)ty:3) (23038-002,Qty:3) (23038-002,Qty:5)
(23038-002, Qty: 7) (23038-003, Oty: 1) (23038-003, oty: 5)
(23038-004, Oty: 1) (23038-004, Qty: 1) (23038-004, Qty:l)
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FMD-91 Failure Distribution Summaries 3-213.
Fart FAilUre Norm Fail Data
Desc. Mode/Mach Dist. Disc. Source(s)/Detaila

Switch (continued)
Unknown (continued)

(23038-004,oty:l) (23038-004,Qtyt1) (23038-004,Qty:1)
(23038-004,Qtyil) (23030-004,Qty:l) (23038-004,Qty.2)
(23038-004,Qty:2) (23038-004,oty:2) (23038-004,Qty:4)
(23038-005,Qty:l) (23038-005,Qty:1) (23038.*305,0ty:1)
C23038-005,Qty:4) (23038-005,Qty:9) (23038-006,oty:1)
(23038-006,Qty:4) (25038-000, 18.0%)

Induced ---- 6.3% Damaged (19542-000,4.8t), Tmproper Connection
(19542-000,3.2t), Improper Installation (19542-000,6.5t),
Improper Wiring (19542-000,9.7t), Improper Bcnded
(19542-000,1.6t), Reversed Leacn (19542-000,1.6t), Improper
Energy Reap (23038-001,gty:4), Missing (23038-001,Qty:4)
(23038-002,Qtyt3) (23038-003,Oty:l) (23038-003,0ty,.l)
(2303a-003,Qty: 1) (23038-004, Oty: 1) (23038-005,Oty: I)
(23038-005,Qty:l) (23038-005,Oty:2) (23038-006,Qty:l),
Manufacturer Defect (23038-O0l,Oty:1). D~isconnected
(23038-00l,Qty:l), Twisted (23038-001,Qty:l), Wrong Part
(23038-002,Qty:1), Improper Fit (23038-002,Qty:1), Mi3Wired
(23038-003,Qty: 1), Disconnected/Disenga (23038-003,Oty:1),
Cold Solder Joint (23038-004,Oty:l), Caused By Other 0ev.
(23038-004,Qty:l) (23038-004,Qty:l), Maintenance Error
(23038-004,oty:l) (23038-004,Qty:l), Improper Adjustment
(23038-005,Qty:2), Operating Error (23038-005,Qty:l),
Undersize (23038-005,Qty:l), Workmanship (20609-000,Qty-.ll),
Poor Terminal Plating (24417-002,NR)

Other (0%5) ---- 22.6%
Opened 2.8% Opened (20609-000,Qty:58), Open (24996-000,9.0%)

(24997-000, 9.0%) (25038-000, 15.0%)

Audio Fault/Failure 2.4% Audio Faulty (23038-002,Qty:l) (23038-003,Qty:l)
(23038-003,Qty:7) (23038-004,Qty:l) (23038-004, Qty:3)
(23038-005,Qty.2) (23038-005,Qty:2) (23038-005,Qty:2)
(23038-005,Qty:2) (23038-006,Qty-,l)

Drift 1.3% Fluctuates, Unstable or Errati (25464-000,Qty:21), Fail To
Tune/Drift (23038-002,Qty:l) (23038-004,Qty:l), FIluctuates,
Unstable (23038-003,Qty:l), Drift (24996-000, 8.0%)
(24997-000,8 .0%) (25038-000, 9.0%)

Dielectric Breakdown 1.8% Dielectric Breakdokwn (24992-000,26.8%)

No Operation 1.5t Inoperative (23038-002,Qty:1), No Operation
(20609-000,oty:9), Fail to operate (24996-000,10.0%), Fail

to operate (24997-000,10.0%b)

Loss of Control 1.5% Control Inoperative (23038-002,Qty:l) (23039-002,Qty:l)
(23038-002,Qty:l) (23038-002,Qty:l) (23038-002,Qty:.1)
(23038-003,Oty:l) (23038-003, Oty:2) (23038-004,Qty: 1)
(23038-004,Qty:l) (23038-004,Qty:l) (23038-004,Qty:l)
(23038-004,Qty:l) (23038-004, oty: 1) (23038-004, oty: 1)
(23038-004,Qty.l) (23038-006,Qty:l) (23038-006,Qty:1)

Out of Spec. 1.2% Out of Specitication (20609-000,Qty:29), Out of Spec.
(25038-000,14.0%)

Worn 1.0% Worn, Chaffed, Frayed, or Torn (25464-000,Qty:41), Worn
Excessively (23038-004,Qty:l) (23038-004,Qty:2)
(23039-004,gty:5) (23038-005,Qty:l), Wore Excessively
(23038-005,Qty:l), Brush Fail/Worn Exce (23038-005,Qty:ll,
Worn Out (20609-000,Qtyz5)

Leaking 1.0% Leaking Internal or External (25464-000,Qty:7), Leaking
(20609-000, QtytB) (23038-006, Qty;2) (25038-000,7.0%)

Contact Failure 1.0% Contact Chatter (24992-000,9.01), Contact/Conn Defect
(23038-006,Qty:l) (25464-000,Qty:ll), Contact Defective
(23038-O02,Qty:l), Deformed Contacts (24417-002,NR), Loose
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3-214 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Doea. Mode/Much Dist, Dist. Source(m)/Details

Switch (continued)
Other (continued)

Cont&cta (24417-002,NR)

Out of Adjustment 0.8% Needs Repositioning (19542-000,4 .84), Out Of Adjustment
(23038-004,Qty:l) (23038-005,Qtyil) (23038-006,Qty:l),
Adjustment Improper (23038-O04,Qty:l), out of Adjustment
(20609-000, Oty: 16)

Spurious/False Operation 0.7% Faulty Reading (23038-002,Otyil) (23038**004,otytl)
(23038-004,Qty:2) (23038-004,Qtyz2) (23038-006,Qty:3)

Unstable Operation 0.7% Unstable (25038-000,10.0%)

Jammed/Stuck 0.6% Jammed (23038-00l,oty:l) (23038-005,oty:l)
(23038-005,Qty: 4)

Loose 0.6% connection Loose (19542-000,1.6%), Loose Due to Excessive
Vibrations (19542-000,1.6t), Loose Installatiin
(19542-000, 1.6t), Loose,Damaged,or Missing Har
(25464-000,Qty:3), Loosie (23038-O0l,Qty:l)

Loss of Power 0.4% Electrical Pwr Loss (23038-006,Qty:l) (23038-006,oty:l)

Wire Failure 0.3% Defective Wiring (19542-000,4.8%)

Change in Capac. 0.3% capacitance incorrect (25464-000,Qty:21)

Bent/Dented/Warped 0.3% Switch Is Bent (19542-000,1.6t), Dented Start
(23038-001,0Qty: 1)

Lamp Failur-e 0.2% Burned out or Defective Lamp, (25464-000,Qty:2), No
Indicating Light (23038-O02,Qty:l) (23O38-002,otytl)

Stripped 0.2% Stripped C23038-001,Qty:l) (23038-004,Qty:l), Shripped
(23038-004, Oty: 1)

Corroded 0.2% Corroded (23038-003,Qty:l) (23038-004,Qty:2)

Clogged/Clogging 0.2% ("logged (23030-002,Qtyzl), Clogged, Leaky (23038-002,Qty.-l)

Cut/Scarred/Punctured 0.2% Cut/Torn (23038-002,Qty:2)

Cracked/Fractured 0.2% Cracked (23038-O0l,Qty:l) (25464-000,Qty:l)

Connection Failure 0.2% Connection Defective (23038-00l,oty:l)

Contaminated <0.1% contaminated (20609-000,Qty:5), Contaminated Contacts
(24417-002,NR)

Degraded Operation <0.1% Beyond Spec. Tol. (23038-004,oty:l)

Limit Unadjuctable <0.1% Unable To Adjust Lim (23038-004,Qty:l)

Degraded Contact NR Poor Contact Alignment (24417-002,NR), Pitted Contacts
(24417-002, NR)

Spring Failure NR Lose of Resiliency in Springs C24417-002,NR)
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FMD-91 Failure Distribution Summaries 3-215
Part Failure Norm Fail Cata
Dose. Mode/Mach Dist. Dist. Source(s)/Details

SwitchControl Sources:l
Opened 33.0% 33.0% Open Circuit (24996-000,33.0%)

Drift 27.0% 27.0% Parameter Change (24996-000,27.0%)

Shorted 22.0% 42.0% Short (24996-000,12.0%)

Mechanical Damage 18.0% 18.0% Mechanical Damage (24996-000,18.0%)

Switch, Float Sources:2

No Operation 37.6% 22.9% No Operation (20609-000,Qty:3) (25038-000,23 0%)

Spurious/False Operation 37.6% 22.9' False Response (20609-000,Qty:3) (25038-000,23.0%)

Out of Adjustment 24.8% 15.1% Out of Adjustment (20609-000,Qty:2) (25038-000,15.0%)

Other (<09) 39.0%

Cracked/Fractured 7.8t Cracked/Fractured (20609-000,Qty:I) (25038-000,8.0%)

Leaking 7.8' Leaking (20609-000,Qty:i) (25038-000,8.0%)

Seized 7.8% Seized (20609-000,Qty:I) (25038-000,8.0%)

Stuck Closed 7.8% Stuck Closed (20609-000,Qty:1) (25038-000,8.0%)

Stuck Open 7.8% Stuck Open (20609-000,Qty:i) (25038-000,8.0%)

Switch, Flow Sourceszl

Out of Adjustment 16.7% 9.1% Out Of Adjustment (23038-005,Qty:i)

Lanp Failure 16.7' 9.1% No Indicating Light (23038-005,Qty:l)

Shorted 16.7% 9.1% Shorted Or Grounded (23038-005,Qty:l)

Clogged/Clogging 16.7% 9.1% Clogged (23038-005,oty:1)

No Operation 16.7' 9.1% Inoperative (23038-005,Qty:l)

Drift 16.7% 9.1% Fluctuates, Unstable (23038-005,Oty:l)

Unknown 45.5% Unknown (23038-005,Qty:2) (23038-005,Qty:3)

Switch, Foot Sources:l
Binding/Sticking 41.7' 38.5% Sticky (23038-001,Qty:5)

Cracked/Fractured 25.0' 23.1% Broken/Fractured (23038-001,Oty:3)

Worn 16.7' 15.4' Worn Excessively (23038-001,oty:2)

Loose 16.7' 15.4% Loose (23038-001,Qty:2)

Unknown 7.7% Unknown (23038-001,oty:l)
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3-216 Failure Distribution Summaries _________________FMD.91

Part failure Worm Fail Data4
Deon. Modev/Mach Dist. Dist. Source(a)/Details

Switch, Interconnect,Maxter Sourcestl
shorted 100.0% 300.0% Short-Overstress (107.22-000,Qty:].)

Switch, Magnetic Sources:l
Mechanical Damage 60.0% 60.0% Mechanical Damage (25000-000,Qty:24)

intermittent Operation 15.0% 15.0% Intermittent-Noiso (25000-OOO,Qty:*3), Intermittent-'General
(25000-000, Oty:3)

Short - Open 12.5% 12.5% Short-Opon (25000-000,Oty:l) (25000-000,Qty:l)
(25000-000, Qty: 3)

Drift 7.5% 7.5% Parameter Dr.~ft-High Contact Resistance (25000-000,Qty.,l)
C25000-000,Qty:l), Parameter Drift-Insulation Resistance
(25000-000, Qty: 1)

Shorted 5.0% 5.0% short (25000-000,Qty:2)

Switch, Manual Sources :1
Drift 53.1% 45.7% Parameter Drift-High Contact Resistance C25000-000,oty:l)

(25000-000,Qty:l) (25000-000,Qty:2) (25000-000,Oty:3)
(?5000-000,Qty:3) (25000-000,Qty:17), Paramneter
Drift-General (25000-000, Oty:l) (25000-000, Qty:6)
(25000-000,Qty:34), Parameter Drift-Insulation Resistance
(25000-000,City:2) (25000-000,Qty:2) C25000-O0O,Qty:6)
(25000-000, Oty: 17)

opened 22.9% 19.7% Open-Open Contacts (25000-000,Qty:4), Open-General
(25000-OO0,Q)ty: 4) (25000-000,Qty:12) (25000-000,oty:21)

Mechanical Damage 9.5% 8.2% Mechanical Damage (25000-O00,Qty:17)

Intermittent Operation 9.5% 8.2% Intermittent-Noise (25000-OOO,Qty:3), Intermittent-General
(25000-000,Oty:3) (25000-000,Qty:3) (25000-OO0,Qty:8)

Shorted 5.0% 4.3% Short-Dielectric Strength C25000-OO0,Oty,4), Short
(25000-000,Qty:l) (25000-000,Qty:4)

Unknown ---- 13.9% Unknown (25000-000,Gty:4) C25000-000,Qty:ll)
(25000-000,Qty:14)

Switch, Micro Sources :1
Change in Resistance 60.0% 60.01k High Resistance (24990-000,60.0%)

opened 30.0% 30.0% open (24990-000,30.0%)

No Operation 10.0% 10.0% No Function (24990-000,10.0%,

Switch, Pressure Sources :8
Degraded Operation 25.2% 13.74 Fluctuates (23038-OO1,Qty:2) (23038-00l,Qty:2)

(23038-00l,Qty:4), Incorrect Frequency (23038-O0l,Qty:l),
Incorrect Oil Pressu (23038-001,Qty:l) (23038-O01,Qty:2)
(23038-001, oty: 6), Incorrect Temp/Melt (23038-00!, Oty: 1),
Incorrect Pressure (23038-OO1,Qty:l) (23038-O0l,Qty:l)
(23038-001,Qty:2) (23030-001,Qty:2) (23038-O0S,Qty:l)
(23038-0O5,Qty:3), Incorrect Oil Press (23038-O0l,oty:l)
(23039-004,Qty.2) (2.S038-005,Qty:l1) (23038-005, Qty:2)
(23O38-006,Q~ty:l), Temp. Incorrect/Melt (23038-0Ol,oty:2),
Output Too High (23038-0O1,Gty:l), Incorrect Fuel Press
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FMD-91 ______________Failure Distribution Summaries 3-217
Part Failure Normr Fail Data
Desý.. NM'de/tMech Dist. Dist. Source(s)/Details

SW~tch,?ressure (continued) -___

Degraded Opuzatior. (continued)
(23038-0Ol,Ut~yi8), Incorrect Feedback (23038-00l,Qty:l),
Pressure Incorrect (23038-002,Qty:2) (23038-003,Qty:3)
(23038-004,Qty:4), Fluctured, Unstable (23038-002,Qty:l),
Oil Pressure Incorrect (23030-002,Qty:l), Surged
(23038-002,Qtyzl) , Fluctuates Unstable (23038-003,Qt~y:l),
Oil Pressure Inccorre (23038-003,Qt~y:l), Fluctuates, Unstable
(23038-004,gty:l) (23038-005,Qty:l) C23038-D05,Qty:2),
Incorrect Temperatur (23038-005,Qty:l), Incorrect Output
(23038-006,Qty:4) (23038-006,Qty:5), S7etting Drift and Lack
of Repeatability (24417-002,NR)

Spurious/False Operation 19.44 10.5% Faulty Reading (23038-00l,Qty:l) (23038-D0l,Qty:4)
(23038-O0l,OLy:5) (23038-001,Oty:7) (23038-001,Qty:8)
(23038-002,Qty:S) (23038-002,Qty:5) (23038-0D3,Qty:4)
(23038-003,Qty:B) (23038-004, Oty: 1) (23038-004, Oty: 6)
(23038-005,Oty:l) (23038-005,Qty:7) (23038-006,Qty:l)

Lose of Control 18.0% 9.8* Control inoperative (23038-001.(Qty:3) (23039-00l,Qty:3)
(23038-00l,Qty:6) (23038-002,Qty-:2) (23038-003,Qty:3)
(23038-003,oty:S) (23038-004, Oty: 1) (23038-004, Oty: 1)
(23038-004,Oty:3) (23038-004,Qty.6) (23038-005,Qty:2)
(23038-005,Qty:2) (23038-005,Oty:5) (23038-006, Oty: 1)
(23038-006, Qty:2)

Closed 13.2% 7.1% Close (24992-000,50.0%)

opened 13.2% 7.1% Open (24992-000,50.0%)

Mechanical Failure 11.1% 6.0% Clogged (23038-00l,Oty:l) (23038-00l,oty:3)
(23038-002,Qty:l) (230.38-003,oty:l), Broken
(23038-001,Qty:l) (23038-00l,oty:l) (23038-00),Qty:.7)
(23038-003,Qty:P.) (23038-003,Ot~y:3) (23038-0C4,Oty: 1)
(23038-004,Qty:2) (23038-005,Qty:1) (23038-005,Qty:3),
Cracked (23038-003,Qty:l), Broken/Fractured
(23U38-00l,Qty:l) (23038-002,oty:l) (23038-002,Qty:4)
(23038-006,Qty:l), Tooth Broken on Gear (23038-002,Qty:l)

unknown ---- 25.2% Unknown (23038-00l,Qty:l) (23038-D0l,Qty:-2)
(23038-001,Qty:-2) (23038-00l,Qty:7) (23038-00l,Qty:l0)
(23038-00l,oty:18) (23038-00l,Oty:31) (23038-00l,Qty:36)
(23038-002,Qty:2) (23038-002,Oty:4) (23038-002,Qty:15)
(23038-003,Qty:l) C23038-003,Qty:2) (23038-003,oty:3)
(23038-004,Qty:l) (23038-004,Qty:l) (23038-004,Qty:l)
(23038-004,Qty:2) (23038-004,Qty:4) (23038-004,oty:.5)
(23038-004,Qty:6) (23038-005,Qty:l) (23038-005,Qty: 1)
(23038-005,Qty:l) (23038-005,Qty:2) (23038-005,Qty:2)
(23038-005,gty:2) (23038-005,Qty:34) (23039-006,Qty:l)
(23038-006,Qty: 2)

Induced ---- 2.4% Caused By Other 0ev (23038-001,Qty:l), Maintenance Error
(23038-001,Qty:l), Caused By Other Dev. (23038-00l,Qty:l)
(23038-001,Qty:4) (23038-002,Qty:l) (23038-005,Oty:l),
Missing (23038-0Ol,Qty:l) (23038-001,Qty:3)
(23038-002,Qty:2) (23038-003,Qty: 1) (23038-004,Qty: 1)
(23038-005,Qty:l), Improper Fit (23038-003,Qty:l)

other (06) ---- 18.1%
Shortod 3.6% Short (23038-00l,Qty:1) (.13038-00l,Qty:4), Short Or

Grounded (23038-00l,Qty:.3) (23038-002,Qty:2). Shorted or
Grounded (23038-001,Qty.l) (23038-003,Qty:l)
(23038-005,oty:3), Shorted/Grounded (23038-003, Oty:2)
(23038-006,Qty:l) (23038-006,Qty.-l), Grounded Electricaly
(23038-005,Qty: 1)

No Output 3.3% No Output (23038-001,Qty~l) (23038-003,Qty:2)
(23038-004,oty:1) (23038-004,Qty:l) (23038-005,Oty:3)
(23038-O06,Qty~l), Inoperative (23038-002,Qty:l)
(23038-004,Qty: 1) (23038-004,Qty:1) (23038-005,Qty:1), Did
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3-218 Failure Distribution~ Summaries FMD-91
Part Failure Norm Fail Data
iDeIc. Node/Mach Dist. Dist. Source(s)/Details

Switch, Pressure (continued)
Other (continued)

Not Work,Test Ok (23038-004,Qty:2)

Leaking 3.0% Leaking (23038-001,Oty:2) (23038..005,Qty:l)
(23038-006,Qty:3), Leaking Liquid (23038-003,Qty:l)
(23038-005, oty :1), Leaks (23038-006, Qty :1)

Lamp Failure 1.9% No Indicating Light (23038-001,Oty:l) (23038-001,Oty:l)
(23038-001,Qty:1) (23038-00l,Qty-:2) (23038-002,Qty:3), Light
Bulb Failure (23038-004,Qty:l) (23038-004,Qty:l), No
Indicating Lights (23038-004,Qty:l) (2303B-005,Qty:t)
(23038-005, Qty: 1)

Bindino/sticking 1.5% Jammed %(23038-00l,Qty:l), sticky (23038-002,Otv:l)
(23038-004,Qty:l) (23038-005,Oty:2), Fused; Bind/Friction
(23038-002,Qty:2), Bind/Size/Friction (23038-004,Qty:l)

Out of Adjustment 1.0% out Of Adjustment (23038-00l,Qty.,l) (23038-00l,Qty:l)
(23038-002,Qty:l) (23038-002,Qty:l) (23038-004,Qty:l),
Adjustment Improper (23038-004, Oty: 1)

Improper Output 0.9% Improper Output Sour (23038-00l,Qty:l), Improper Source
Output (23038-001, Oty: 1) (23038-002,gty: 1) (23038-004, Oty: 1)
(23038-005, Oty: 2)

Loose 0.84 Loose (23038-001,Qty:3) (23038-003,Qty:l) (23038-005,Oty:l)
(23038-005,Qty: 1)

Contact Failure 0.6% Defective Contact (23038-O0l,Qty:l), Contact/Conn Defect
(23038-004,Qty:l) (23038-005,Qty:l) (23038-005,Oty:l)

Worn 0.5% Worn Excessively (23038-002,Qty:l) (23038-005,Qty:2)

Intermitten't Operation 0.5% Intermittent (23038-O0l,Qty:l) (23038-002,Qty:2)

Incorrect Voltage 0.24 Incorrect Voltage (23038-004,Qty:l)

Burred 0.2% Burred (23038-00l,Qty:l) (23038-00l,Qrty:l)
(23 038-001, oty: 1)

Loos of Power <0.11k Loss Of Elec. Power (23038-00l,Qty:l)

Connection Failure <0.1% Connection Defective (23038-00l,Qty:l)

seized <0.14 Excessive Sized Bind (23038-00l,oty:l)

Seal/Gasket Failure NR Seal Failures of Bellows, Diaphragms, etc. (24417-002,NR)

Switch, Pressure,Fluid Sources :1
Intermittent Operation 44.9% 44.9% Intermittent-Noise (25000-000,Qty:16), Intermittent-Ger'eral

(25000-000,Qty:3) (2500C-000,oty:5) (25000-000,Qty:7)

Drift 30.4% 30.4% Parameter Drift-High Contact Resistance (25000-000,Qty:l)
(25000-000, oty: 1) (25000-000, Qty :4), Parameter
Drift- Insulation Resistance (25000-000, oty: 1)
(25000-OOO,Qty:3), Parameter Drift-General (25000-000, Qty: 1)
(25000-000. Oty: 1) (25000-000, Oty: 1) (25000-000, oty: 4)
(25000-000, Qty: 4)

Opened 21.7% 21.71% Open-open Contacts (25000-000,Qty:l), Open-General
(25000-000,Qty~l) (25000-OOO,Qty: 1) (25000-OOO,Qty:l)
(25000-000,Qty:l) (25000-000,Qty:2) (25000-OOO,Qty:B)

Seal Failure 1.4% 1.4% Seal Leak (25000-000,gty:l)

Shorted 1.4% 1.4% Short (25000-000,Qty:l)
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I~fD-91 Failure Distribution Summaries 3-219
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Switch,Push Button Soqrces:5
Opened 60.0% 45.0% Open (24990-000,80.0%), High Z (24991-000,100.0%)

Contaminated 33.3% 25.0% Sticking Flux Penetrating Into Cavity (10722-000,oty:2),
In-House Contact Contamination (24417-002,NR)

Shorted 6.7% 5.0% Short (24990-000,20.0%), Low Z (24991-000,NR)

Induced 25.0% Design Problem (23037-000,Qty:l)

Switch,Push Button, Illuminated Sources:2
Unknown <0.1% Unknown (24996-000,NR) (2499"'-000,NR)

Other ------ 100.0%

Change in Resistance NR High Resistance or Intermittent Contact (24996-000,NR)

Opened NR Lamp Failure (24996-000,NR)

Fails to Close NR Fails to Close (24996-000,NR), Fails to close
(24997-000,NR)

Fails to Open NR Fails to Open (24996-000,NR), Fails to open (24997-000,NR)

High Contact Resistance NR High resistance or intermittent contact (24997-000,NR)

Lamp Failure NR Lamp failure (24997-000,NR)

Switch,Push Button,Pendant-Hoist Key Sources:5
Binding/Sticking 31.6% 23.1% Sticky (23038-001,Qty:l) (23038-002,Qty:9)

(23038-004,Qty:l) (23038-005,Oty:2), Binding
(23038-006,Qty:l), Sticky/Binding (23038-006,Qty:5)

Loss of Control 22.1% 16.2% Control Inoperative (23038-001,Qty:2) (23038-004,Qty:6)
(23038-005,Qty:l) (23038-006, Qty:l) (23038-006,Qty:l)
(23038-006, Qty:l)

Mechanical Failure 21.0% 15.4% Broken/Fractured (23038-001,Qty:2) (23038-002,Qty:l),
Broken (23038-001,Qty:l) (23038-002,Qty:l) (23038-004,oty:5)
(23038-005,Qty:i) (23038-006,Qty:l), Distorted
(23038-002,Qty:l), Friction Excessive (23038-002,Qty:l)

Degraded Operation 9.6% 7.0% Faulty Reading (23038-001,oty:2) (23038-001,Qty:3),
Fluctuate (23038-001,Qty:l), Incorrect Oil Pressu
(23038-001,Qty:l)

Worn 7.2% 5.3% Worn Excessively (23038-001,Qty:l) (23038-002,Qty:l)
(23038-004,Qty:l) (23038-005,Qty:l)

Contact Failure 6.2% 4.5% Dirty (23038-002,Qty:1), Corroded (23038-002,Qty:l),
Contact Defect (23038-002,Qty:l), Contact/Conn Defect
(23039-005,oty:1)

Jam-,d/Stuck 2.3% 1.7% Jawnmd (23038-001,Qty:l) (23038-002,Qty:l)

Unknown 24.4% Unknown (23038-001,Qty:1) (23038-001,Qty:l)
(23038-001,Qty:l) (23038-001,Qty:2) (23038-002,Qty:l)
(23038-002,Qty:2) (23038-002,Qty:2) (23038-002,Qty:5)
(23038-004,Qty:2) (23038-004, oty:2) (23038-005,Qty:1)
(23038-005,Qty:l) (23038-006,Gty:1) (23038-006,Qty:l)

Induced 1.3% Missing (23038-002,oty:2)

Other (0%3) 1.1%
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Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Switch,Push Button,Pendant-Hoist Key (continued)
Other (continued)

Intermittent Operation 1.1% Intermittent (23038-004,Qty:l)

Switch, Reed Sources :2
Out of Spec. 30.0% 30.0% Out of Specification (20609-000,Qty:3), Out of Spec.

(25038-000, 30.0%)

No Operation 30.0% 30.0% No Operation (20609-000,Qty:3) (25038-000,30.0%)

Spurious/False Operation 20.0% 20.0% False Response (20609-000,Qty:2) (25038-000,20.0%)

Opened 10.0% 10.0% Opened (20609-000,Qty:l), Open (25038-000,10.0%)

Intermittent Operation 10.0% 10.0% Intermittent (20609-000,Qty:l) (25038-000,10.0%)

Switch, Rotary, Manual Sources :1
High Z 80.0% 80.0% High Z (24991-000,Qty:3)

Shorted 20.0% 20.0% Low Z (24991-000,25.0%)

Switch, Sensitive Micro Sources :2

Binding/Sticking 78.3% 52.9% Jammed (23038-004,Qty:1), Sticky (23038-005,Qty:1)

Broken 8.7% 5.9% Broken (23038-004,oty:l) (23038-004,Qty:l)

No Output 4.3% 2.9% No Output (23038-004,oty:l)

Shorted 4.3% 2.9% Short Or Grounded (23038-004,Qty:l)

Contaminated 4.3% 2.9% Dirty (23038-004,Qty:l)

Unknown ------- 29.4% Unknown (23038-004,Qty:1) (23038-004,Qty:1)
(23038-004,Gty:l) (23038-004,Oty:2) (2303S-004.,ty:2)
(23038-004, oty: 3)

Ind-ced 2.9% Ticorrect Voltage (2303S-004,Oty:l)

Switch, Slide Sources 1

Corroded 16.7% 11.1% Corroded (23038-004,gty:l)

No Operation 16.7% 11.1% Incperative (23038-004,Oty:1)

Broken .6.7% 11.1% Broken (23038-004,Qcy:1)

Shorted 16.7% 11.1% Shorted Or Grounded (23038-004,Qty:l)

Loss of Control 15.74 11.1% Control Inoperative (23038-004,Qty:i)

Lamp Failure 16.7% 11.1% Light Bulb Failure (23038-004,Oty:1)

Unknown 33.3% Ur.known (23038-004,Qty:3)
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PiArt Fakilure Norm Fail Data
Dosc. Mode/Maech Dist. Dist. Source(s)/Details

Switch, Snap Sources :2
opened 75.0% 75.0% Open (24992-000,50.0%), N.O. Contact Not Closing

(10722-000, Oty: 1)

Shorted 12.5% 12.5% Short (24992-00',25.0%)

Mechanical Failure 12.5% 12.5% Mechanical Fa~lure (24992-000,25.0%)

Switch, Thermal Sources :9
Drift 41.2% 28.1% Parameter Drift-Insulation Res. (25000-000,Oty:l)

(25000-000,Oty~ 1) (25000-000,Qty:2) (25000-000,Qty:3)
(25000-D00,Qty:4) (25000-000,Qty:5), Parameter Drift-General
(25000-000,Qty:3) (25000-000,Qty:3) (25000-000,Oty:5)
(25000-000,Qty: 6) (25000-000,Qty:8) (25D'00-000,0ty:15),
Parameter Drift-High Contact Resistance (25000-000,gty:3)
C25000-000,Qty:4), Faulty Reading (23D38*-003,Qty:l)
C23038-005,Qty:l), Out Of Adjustment (213038-006,Qty:]), Out
of Adjustment (20609-D00,oty:4), Erratic (20609-DOD 3),
Drift (20609-0DO,Qty:36)

Mechanical Failure 27.2% 18.6% Broken/Fractured (23038-00l,Oty:l), Broken
(23038-003,Qty: 1) (23038-004, Qty: 1) (23038-DOS,oty: 1)

Opened 19.6% 13.4% Open (25000-DOD,Oty:2) (25000-000,Qty:3), High Z
(24991-ODD, 100.0%)

Degraded Operation 4.4% 3.0% Oil Pressure Incorre (23038-003,oty:l), Beyond Spec. Tol.
(23038-004, Oty: 1)

No COutput 3.0% 2.1% No Output (23038-0D3,Qty:1)

Loss of Control 2.6% 1.8% Control Inoperative (25D38-0D4,Qty:2)

Shorted 2.1%b 1.4% Short-Dielectric (25000-DOO,Qty:3), Low Z (24991-000,NR),
Shorted Or Grounded (23038-004,Qty~l)

Unknown ---- 22.5% Unknown (20609-000,.Qty:20) (20609-000,Qty:32)
(23038-003,Qty:2) (23038-004, Qty: 6) (23038-006,Qty: 1)

in,:--jd ---- 7.1% Melted (23038-004,Qty:l), Caused By Other Dev.
(23038-O05,oty:..)

Other (0%3) ---- 1.9%

Binding/Sticking 1.0t Sticky (23038-004,Qty:l), Sticking (20609-OOO,Pty:1)

Loss of Power 0.9% Electrical Pwr Loss (23038-0O4,Qty:l)

Seal/Gasket Failure NR Seal Failure (24417-002,NR)

Switch, Toggin Sources: 11
Mechanical Failure 42.5% 29.8% Mechanical Failure (24992-000,66.6%) (24996-000,NR), Bent

(23038-001,Oty.1), Broken/Fractured (23038-001,Qty:l)
(23038-00l,Qty:l), Broken (23038-002,Qty:2)
(23038-003,0ty:1) (23036-004,Qty:2), Broked/Fractured
(23038-006,Qty.-l), Mechanical failure (24997-000,NR),
Mechanical 125038-000, 35.0%)

Opened 25.1% 17.6% Open (23038-002, oty: 1) (23038-002, Qty: 2) (23039-004, Qty :1)
(23038-005,Qty:1) (24992-000, 16.7%) (25038-000,24.0t), No
Output (23038-0O1,Qty:l), Corroded (23038-006,Qty:1), Open
Circuit (24996-O00,NR) (24997-000,NR)

Contact Failure 9.1% 6.3% Intermittent Contact 124993-000,b0.00), Contact/Conn Defect
(23038-004, Oty: 1.)
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3-222 Failure Distribution Sunuimries FNID-91i
iart Failure Nourn Fail Data
Desc, Mode/Mach Diz.. Dist. Source(s)/Details

Switch, Toggle (cont'nued)
Shorted 8.1% 5.7% Short i?4992-0C0,16.7%) (24996-00(J,NR) (24997-000,NR)

(25038-000,16.0%), Shorted Or Grounded (23038-001,Qty:l)

Spring Failure 6.3% 4.4% Spring Breakage (Patique) (2493-000,40.0%)

Intermittent Operation 5.0% 3.5% Intermittent (038-,000,35.0%)

Binding/Sticking 3.8% 2.6% sticky (23038-004,0tyel) (23038-O05,Oty-7)

Unknown 23.1% Unknown (23038-.O02,Qty:l) (23039-002,0ty:3)
(23038-003,Qty:l) (23030-003,0ty:1) (2303P-004,Qty:!)
(23038-004,Qty:2) (23038-004,Qry:2) (23038-005,Qtv: 11
(23038-005,0ty:I) (23038-006,0ty;!) (24993-000, 10.0%)

Induced ------- 4.5% Damaged Fox Test Puz (2303$-004,ejtytl), Missing
(23038-005,Gty: ), Maintenance Error (23038-005,0ty:I)

Other (<%3) ------ 2.4%

Lamp Failure 0.8% Light Bulb Pailvre 123038-004,Qty:l)

Burned/Charred 0.8% Burred (23038-004,Qty:l)

Worn 0.8% Worn Excessively (23038-004,Qty:l)

Synchro Sources :2
Winding Failure 44,4% 40.0% Winding Failures (24993-000,40.0%)

Bearing Failure 33.3% 30.0% Bearing Failures (24993-000,30.0%)

Brush Failure 22.2% 20.0% Slipring And Brush Failures (24993-000,20.0%)

Unknown 10.0% Unknown (24993-000,10.0%)

Other 0.0%
Degraded Operation NR Null Voltage and Error Changes (24417-001,NR), Incorrect

Zeroing ý24417-001,NR)

Opened NR Open Slip Ring Contact (24417-001,NR) (24417-OC1,NR). Open
Slip Ring Contact-Insufficient SpLing Pressur
(24417-001,WR), Open Slip Ring Contact-Loose Slip Ring
Assemblies (24417--001,NR)

Synchro, Resolver Sources:1
"Wse 100.0% 100.0% Loose,Damagedor Missing Har (25464-000,Oty:3)

Tank Sources :1

La&king 80.6% 64.1% Leaking (20609-000,Qty:25)

Cracked/Fractured 9.7% 7.7% Cracked/Fractured (2U609-000, ty:3)

Burst/Rup'ureo 5.2% 2.6% Ruptured (20609-000,Qty:1)

Cut/Searred/Punctured 3.2% 2.6% Ripped/Torn/Cut (20609-000, ty:i)

Spurious/False Operation 3.2% 2.6% Erratic (20609-00C,Oty:1)

Unknown ------- 20.5% Unknown (20609-000,Qty:8)
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FMD-91 Failure Distribution Summaries 3-223
Part Failure Notrm Fail Data
Deac. Mode/Mech Dist. Dist. Source(s)/Details

Tank. Storage, Low Pressure Sources: ]
Mechanical Failure 65.0% 65.0% Mechanical railure %24996-000,65.0%)

Metallurgical Failure 35.0% 35.0% Metallurgical Failure (24996-000,35.0%)

Telephone System,PBX Sources:1
,nduced ------- <0.1% Degradation of Service (24996-000,NR)

Unknown ------- <0.1% Unknown (24996-000,NR)

Other ------ 100.0%
Syetemn Outage NR System Outage (24996-000,NR)

Telephone System, PBX, PABX So'irces :1
Induced <0.1% Degradation of service (24997-000,NR)

Unknown <0.1% Unknown (24997-000,NR)

Other ------ 100.0%
System Outage NR System outage (24997-000,NR)

Telephone System, Switching, Electronic Sources :1
Induced ------- <0.1% Operator errors (24997-000,NR), Maintenance actions effects

(24997-000, NR)

Other ------ 100.0%
Software Failure NR S/W errors; 6-18 month to stability (1-2 per mo.)

(24997-000, NR)

Hardware Failure NR Hardware malfunction (24997-000,NR)

Telescope Sources :2
Leaking 33.3% 5.9% Internal Failure - Leaking Nitrogen (25101-000,Qty:l),

Leak/Temp Drop - Low Pow P1 Oil Press (25101-000,Qty:l)

Worn 16.7% 2.9% Unknown - Worn Out (25101-000,Qty:l)

Broken 16.7% 2.9% Broken/Damaqed (25101-000,Qty:i)

Seal/Gasket Failure 16.7% 2.9% Seals Worn - Internal Moisture (25101-000,Qty:l)

Out of Adjustment 16.7% 2.9% Internal Failure - Out Of Adjustmant (25101-000,Qty:l)

Induced ------- 45.6% Damaged (19542-000,50.0%), Improper Maintenance - Internal
Moisture (25101-000,Qty:1), Lack Of Maintenance - Internal
Moisture (25101-000,Qty:5), Abnormal Operation
(25101-000, ty: 1)

Unknown 36.8% Unknown (19542-000,50.0%) (25101-000,Qty:l)
(25101-000,gty:S)
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3-224 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deac. Mode/Mech Dist. Dist. Source(s)/Details

Tele3cope, Elbow Sources:1
Binding/Sticking 36.4% 21.G& Binding/Sticking (25101-000,Gty:l) (25101-000,Qty:6), Part

Struck/Damaged - Binding/Stickingr (25101-000,Q)ty:l)

Seized 36.4% 21.6% Seized (25101-000,Oty:l) (25101-000,Qty.,l)
(25),0l-000,oty.2), Locked (25101-000,Qty:1)
(25l01-000,oty.-2), Internal Failure - Seized
(25101-000,oty: 1)

Loose 18.2% 10.8% Poor Linding - Looce '25101-000,oty:l), Vibration - Loose
(25101-000, Qty: 3)

Bond/Beam Failure 9.1% 5.4% Poor Bono~ng - Inop/Unserviceable (25101-000,Oty:2)

Induced ---- 18.9% Fell Off Or Lost - Missing (251.Ol-000,Qty:7)

Unknown ---- 8.1% Unknown (25101-OOD,Oty:l) C25101-000,Qty:2)

Other (0%3) ---- 13.5%

Out of Adjustment 2.7% Cut of Adjustment - Locked (25101-000,Qty:l)

Leaking 2.7% Unders3.ze - Leaking Nitrogen (251Ul-000,Oty:l)

Bent/Dented/Warped 2.7%4 Warped Bent - Seized (25101-000,Qty:1)

Moisture Intrusion 2.7% Internal Moisture (25101-000,Qty:l)

Excessive Vibration 2.7% Vibration - Inop/Unserviceable (25101-000,Qty:l)

Telescope, Mount Sources :1
Broken 32.4% 23.1% Broken/Damaged (25101-000,Qty:].) (25101-000,Qty-2)

C25101-000,Qty:2) (25101-DOD,Qty:3), Part Struck/Damaged -
Broken/Damaged C25101-000,Qty:1) (25101-000,oty!2), Part
Struck/Damaged - Out Of Synch (25101-000,Qty:l)

Excessive Play 24.3% 17.3% Excessive Play (25101-000,Qty:l) C25101-000,Q)ty:l), Worn -

Excessive Play (2510l-OOOQty:l), Poor Design - Excessive
Play (25101-000,oty:l) (2510l-OOC,Qty:5)

Worn 13.5% 9.6% Worn - Inop/Unserviceable (25101-000,Qty:l), Poor Design-
Worn Out (251O1-000,Oty:4)

Binding/Sticking 10.8% 7.71 Chipped-Binding/Sticking C25101-000,gty:l), Gears Binding-
Binding/Sticking (25101-000,Qty:2), Binding/Sticking

Cracked/Fractured 8.1% 5.8% Cracked (25101-0.OO,Qty:l), Cracked/Split-Inop/Unserviceab2.IL
(25101-000,Qty:l), Vibration - Cracked (25l01-000,Qty:l)

Out of Synch. 5.4% 3.8% Out Of Synch (25101-000,gty:l), Vibration - out of Synch
(25101-000,Qty:l)

Out of Adjustment 5.4% 3.891 Out of Adjustment - Excessive Play (251O1-000,oty:l), Out
Of Adjustment - Binding/Sticking (25101-000,Q)ty:l)

Induced ---- 19.2t Improper Adjustment -Out Of Adjustment (25101-0C0,Qty:l),
Imiproper Maintenance -Out Of Synch (251O1-000,Qty:l), Item
Abuse/Neglect - Broken/Damaged (25101-OOO,0ty:1)
(25101-0OO,Qty:l) (25101-000,Qtys2), Caused By other
Failure-Binding/Sticking (25101-OOO,Qty~l), Item
Abuse/Neglect - Cracked (25201-000,Qty.-l), Lack Of
Maintenance - Loose (25101-000,Qty.-l), Improper Maintenance
- Stripped (25101-00O,Qty:l)

Unknown ---- 1.9% Unknown (25101-000,Qty:ll

Other (04) ---- 7.7%
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FMD-91 _ ___Failure Distribution Summaries 3-225
Part Failure Norm Fil Dt
Doec. M~ode/Mach Dist.. Dist. Sourre(s)/Uetails

Telescope, Mount (;:cn rlufd)
Other (nontinued)

Sveal/Gasket Failure 1.9% Seals Worn - Out, OF Adjuatment, (253l01-000,Qry:l)

Bent/Dented/Warped 1.9% Collapsed/Bent (25101-000,Qty:1)

Lamp Failure 1.9% Inop Fire Control Light (25101-000,Qty:l)

Spring Failure 1.9% Spring Weak - Out Of Adjustment (25101-000,Qty:l)

TelescQ1op, Pan Sources :1
Binding/Sticking 31.3% 18.6% Gears Binding - Binding/Sticking (25101--000,Qty:l)

(25101-000,Qty:l), Worn/Stripped - Binding/Sticking
(25101-000,Oty:l) (25101-000,Qty:l), Poor Design -
Binding/Sticking (25101-000,Qty:15), Gears Binding-
Inop/Unserviceable (25101-000,Qty:l), Worn -

Binding/Sticking (25101-000,Qty:l.), Internal Failure-
Binding/Sticking (25101-000,Qty:3), No Failure
Binding/Sticking (25l01-000,Qty~l), Unknown -

Binding/Sticking (25101-000,Qty:l)

Worn 25.3% 15.0% Worn out (25101-000,Oty:20), Worn - Inop/Unserviceable
(25101-000, oty: 1)

Excessive Play 12.0% 7.1% Excessive Play C25101-000,Qty:l) (25101-000,Qty:l),
Internal Failure - Excessive Play (25101-000,Oty:6), No
Failure - Excessive Play (25101-OO0,Qty:2)

Broken lDý8% 6.4% Broken/Damaged (25101-000,Qty:l) (25101-000,Qty:2)
(25101-000,Qty:2), Poor Design - Broken/Damaged
(25101-000,Qty:l), Vibration - Broken/Damaged
(25101-D00,Qty:l), Unknown - Broken/Damaged
(25101-000, Qty: 2)

Moiscure Intrusion 8.4% 5.0% Internal Moisture (25101-000,Qty:l) (25101-000,Oty:l)
(25101-000, Oty: 5)

Out of Adjustment 7.2% 4.3% out Of Adjustment C25101-000,Qty:l), out Of Adjustment -

Excessive Play (25101-000,Qty:l), Out Of Adjustment -

Binding/Sticking (25101-000,Oty:l), Vibration - Out Of
Adjustment (25101-000,Qty:l) (25101-000,Qty:l), Out Of
Adjustment - out of Adjustment (25101-000,Qty:l)

Seized 4.8% 2.9% Worn - Seized (25101-000,Qty:2), Worn/Stripped - Seized
C25101--000,0ty:l), Internal Failure - Seized
(25101-000, Qty: 1)

Induced ---- 23.6% Item Abuse/Neglect - Broken/Damaged (25101-OOO,Qty:l)
(25l0l-O0O,Qty:l) (25101-000,Qty:2), Lack Of Maintenance-
Out Of Adjustment (2510l-000,Qty:l), Abnormal operation
(25101-000,Qty:i.), Safety Wire/Key Failure - Missing
(25101-000,Qty~l), Fell Off Or Lost - Missing
(25101-COO,Qty:ll), Vibration - Missing (25101-000,Qty:l)
(251a1-000,Qty:l), Dropped - Broken/Damaged
(25101-000,Oty:l), Item Abuse/Neglect - Inop/Unserviceable
(25101-000,Qty:l), Improper Maintenance - Internal Moisture
(25101-000,Qty:l), internal Failure - Inaccurate
(25101-OOO,Qty:5), Lack Of Maintenance - Internal Moisti're
(25101-000,Qty:3), Overtorqued - out Of Adjustment
(251O1-OOO,Gty:l), Overtorqued - Binding/Sticking
(2510l-OOO,0ty:l)

Unknown ---- 3.6% Unknown (25101-OOO,Qty.l) (25l0l-OOO,Qty:l)
(25101-000,Qty~l) (25101-000,Qty: 1) (25l01-OOO,Qty: 1)

Other (0%4) ---- 13.6%
Seal/Gasket Failure 2.1% Se&ls Worn - Internal Moisture (25101-000,Qty:.3)
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3.226 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desec. Mode/Mach Dist. Dist. Source(s)/Details

Telescope,Pan (continued)
Other (continued)

Loose 2.1% Part Missing/Loose - Missing (25101-000,Qty6l), Loose
Screw(s) - Inop/Unserviceable (25101-000,Oty:l)
(25101-000, Oty:l)

Bent/Dented/Warped 2.1% Collapsed/Bent (25101-000,oty:3)

Aged/Deteriorated 1.4% Deteriorated/Aged - Inop/Unserviceable (25101-000,Qty:l),
Deteriorated/Aged - Inop Fire Control Light
(25101-000, Qty:l)

Spring Failure 0.7% Spring Weak - Inop/Unserviceable (25101-000,Qty:l)

Excessive Vibration 0.7% Vibration - Inop/Unserviceable (25101-000,Qty:l)

Cracked/Fractured 0.7% Part Struck/Damaged - Cracked (25101-000,Qty:l)

Corroded 0.7% Corroded-Seized (25101-000,oty:l)

Lamp Failure 0.7% Internal Failure - Inop Fire Control Light
(25101-000,Qty:l)

Degraded Operation 0.7% No Failure - Abnormal Operation (25101-000,Qty:l)

Stripped 0.7% Stripped (25101-000,Qty:l)

Cut/Scarred/Punctured 0.7% Cut/Scarred (25101-000,Qty:1)

Terminal Connection,Crimp Sources:l
Induced ------- <0.1% Low Tensile Strength-Undercrimping (13741-000,NR), Low

Tensile Strength-Overcrimping (13741-000,NR)

Other ------ 100.0%
Change in Resistance NR Increased Contact Resist-Stress Relaxation: Creep

(13741-000,NR), Increased Contact Resist-Stress
Relax:Recrystsl. (13741-000,NR), Increased Contact
Resistance-Corrosion: Atmospheri (13741-000,NR), Increased
Contact Resistance-Corrosion: Galvanic (13741-000,NR),
Increased Contact Resistan. '-Undercrimping (13741-000,NR)

Wire Failure NR Wire Breakage Near Terminal-Overcrimping (13741-000,NR),
Wire Breakage Near Terminal-High VibraLiozi (13741-000,NR)

Terminal Connection,Lug,Strip Sources:l
Broken 100.0% 100.0% Broken (25464-000,Qty:8)

Terminal Connection,Terminal Board Sources:2
Induced <0.1% Terminals: Intermittent Cuntact (24996-000,NR)

Unknown <0.1% Unknown (24997-000,NR)

Other -100.0%

Flashover NR Terminal Boards: Flashover (24996-000,NR)

Broken NR Terminal Boards: Mechanical Breakage (24996-000,NR)

Cortact Failure MR Terminals: (Intermittent contact) (24997-000,NR)

Mechanical Failure MR Terminals: Mechanical Separation (24996-000,NR),
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FMD-91 Failure Distribution Summaries 3-227
Part Failure Norm Fail Data
Deac. Mode/Mach Diet. Dist. sourc.(s)/Details

Terminal Connection, Terminal Board (continued)
Other (continued)

Terminals: (Mechanical separation) (24997-000,NR)

M~echanical Damage NR Terminal Boards: (Mechanical breakage) (24 997-000,NR)

Shortrod NR Terminal Boards., Shorts (24996-000,NR), Terminal Boards:

(Shorts) (24997-000,NR)

Timoer (Surmiary)
out of Adjustment 100.0'ý

Timor, Elect rornecha~i cal Sources:].
Out of Adjustment 10C,014 33.3% Needs Adjustment (19542-000,33.3%)

Unknown ---- 66.7% Unknown (19542-000,66.7%)

Tin Alloy Ingot Sources :1
Broken 100.0% 100.0% Broken/Separated-Seized (25101-000,Qty.1)

Tire (Summary)
Cut/Scarred/Punctured 63.7%
Worn 11.8%
Aged/Deteriorated 10.8%k
Leaking 5.9%
Broken 5.9%
Stripped 1.0%
!/nose 1.0%k

Tire Sources :1
Cut/Scarred/Punctured 59.0% 57.14k Cut-Inop/Unserviceab1e (25101-000,Qty:2), Cut-Punctured

(25101-000,Qty:2), Cut-Leaking Air (25101-000,Qty:19),
Cut-Cut/Scarred (25 101-0OO,Qty:5), Punctured
(25101-000,Qty:7), Cut/scarred (25101-O00,Qty:l)

Worn 19.7% 19.0% Worn Out (25101-O00,Qty:5), Worn - Inop/Unaerviceable
(25101-C)00,Qty:7)

Leaking 9.8% 9.514 Leaking Air (25l01-0OO,Qty:l) (25101-000,Qtytl)
(25101-OOO,Qty:2), Overheated - Leaking Air
(25101-OOO,Qty:l), Part Struck/Damaged - Leaking Air
(25101-000, oty: 1)

Aged/Deteriorated 8.2% 7.9% Deteriorated/Aged - Inop/Unherviceable (25101-000,Qty:2)0
Deteriorated/Aged - Fnd In TI/PKSC/INSP (25101-OO0,Qty:1l),
Deteriorated/Aged - Abnormal operation (251O1-OOO,Qty:l),
Deteriorated (251C1-000, Oty: 1)

Broken 3.3% 3.2% Part Struck/Damaged - Missing Rubber (25101-000,Qty:l),
Broken/Sisparated - Leaking Air (2510l-00O,Oty:l)

Unknown ---- 1.6% Unknown (25101-000,Qty:l)

Induced --- 1.6% Improper Alignmient - Inop/Unserviceable (25101-0OO,Qty:l)
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3-228 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deac. Node/Nech Dist. Dist. Source(s)/Details

Tire Roller Assembly Sourcesil
Cut/Scarr~ed/Punctured 70.7% 56.9% Cut/Scarred (25101-000,Qty.1) (25l01-000,Oty:2)

(25101-000,Qty.4) (25101-OO0,Qty:9), Cut-Cut/Scarred
(2510l-00O,Qty.-3), Part Struck/Damaged - cut/Scarred
(25101-000,Qty:10)

Aged/Datericratee 14.6% 11.8% Deteriorated/Aged - Inop/tinserviceable (25101-000,Qty:6)

Broken 9.8* 7.8% Broken/Damaged (25101-000,Qty:l), Part Struck/Damagod - Fnd
In TI/PbZS/INSP (25101-000,Qty:3)

Loose 2.4% 2.0% Loose (2$101-000,Qty:l)

Stripped 2.4% 2.0% Part Missing/Loose - Stripped (25101-000,Qty:l)

Induced ---- 19.6% Item Abuse/Neglect - Cut/Scarred (25101-000,Qty:l0)

Tool Box Cover Sources :1
Broken 94.4% 81.0% Broken/Damaged (25101-000,Qty~l) (25101-000,Qty:l), Poor

Design - Broken/Damaged (2S510-000,Qty:14), Broken/Separated
- Inop/Unserviceable (25101-000,Qty:l)

Cracked/Fractured 5.6% 4.8% cracked (25101-000,oty:l)

Induced ---- 14.3% Item Abuse/Neglect -Broken/Damaged (25101-000,Qty:3)

Trail & Bracket Assy Sources:l
Induced ---- 100.0% Lack of Maintenance -Low Pow P1 Oil Press

(2510l-000,Qty:l)

Trail Box Sources :1
Cracked/Fractured 66.7% 15.4% Vibration - Cracked (25101-000,Qty:2)

Bent/Dented/Warjped 33.3% 7.7% Collapsed/Bent (25101-000,Qty.-l)

Induced ---- 76.9% Caused By Other Failure-Cracked (25101-000,Qty:l), Caused
By Other Failure-Broken/Damaged (25101-000,Qty:l), Item
Abuse/Neglect - Broken/Damaged (25101-000,Qty:1), Item
Abuse/Neglect - Collapsed/Bent (25101-OOO,Qty:7)

Transceiver Souarces :1
Power Supply Failure 52.4% 17.8% Failure of Power Supply (C10573) (25027-000,14.8%), Failure

of Power Supply (C10573)-Vibration (25027-000,Qty:28)

Flex-Rigid Failure 31.8% 10.8§ Failure of Flex-Rigid, MIB (16VE279) (25027-000,9.0%),
Failure of Flex-Rigid, MIS (16VB2791-Vibration
(25027-000, Oty: 17)

I/0 Status Logic Failure 5.6% 1.9* Failure of I/0 Status Logic (16E10154) (25027-000,6.9t),
Failure of I/O Status Logic (16310154)-Vibration
(25027-000, Oty:3)

Housing Failure 5.6% 1.9% Failure of AMRIU Housing (16E1611) (25027-000,2.73),
Failure of AMRIUU Housing (1631611)-Vibration
(25027-000, Oty: 3)

Relay Failure 4.6% 1.6% Chassis/Relays (25027-000,1.6%)

Unknown ---- 66.0% Unknown (25027-000,Qty:104) (25027-000,62.00)
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FMD-91 Failure Distribution Summaries 3-229
Part Failure Norm Fail Data
Dosc. ModeiMach Dist. Dist. Source(s)/Details

Transducer (Summary)
Contaminated 44.4%
Out of Spec. 27.3%
Opened 7.2%
Shorted 5.8%
Resistor Failure 5.3%
Degraded Operation 5.3%
Out of Adjustment 4.8%

Transducer Sources :1
Out of Spec. 81.6% 52.3% Out of Tolerance (20609-000,oty:163), Out of Specification

(20609-000, Oty: 107)

Contaminated 7.3% 4.7% Contaminated (20609-000,Qty:24)

Intermittent Operation 4.2% 2.7% Intermittent (20609-000,Qty:14)

Burned/Charred 3.0% 1.9% Burned (20609-000,Qty:10)

Opened 2.4% 1.6% Opened (20609-000,Qty:8)

No Operation 1.5% 1.0% No Operation (20609-000,Qty:5)

Unknown 35.1% Unknown (20609-000,oty:47) (20609-000,Qty:134)

Other (0%2) 0.8%
Leaking 0.6% Leaking (20609-000,oty:3)

Binding/Sticking 0.2% Binding (20609-000,Qty:l)

Transducer, Pressure Sources :1
Contaminated 72.7% 66.7% PIND Noise-Conductive Particles/Potential Short

(10722-000,oty:8)

Degraded Operation 9.1% 8.3% Drop In Output Voltage-Mechanical Overstress
(10722-000, ty: 1)

Shorted 9.1% 8.3% Internal Short-Conductive Mobile Particle Leadwire
(10722-000,Qty:l)

Resistor Failure 9.1% 8.3% Intermittent Open Thin Film Bridge Resistors
(10722-000, gty: 1)

Unknown 8.3% Unknown (10722-000,Qty:l)

Transducer, Sensor (Summary)
Out of Adjustvent 40.6%
Out of Spec. 19.5%
Burned/Charred 11.7%
Opened 10.2%
Spurious/False Operation 7.0%
Intermittent Operation 6.3%
Shorted 4.7%
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3-230 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Transducer, Sensor Sources:]
Out of Adjustment 46.0% 24.2% Out of Adjustment (20609-000,Qty:46)

Burned/Charred 15 0% 7.9% Burned (20609-000,Qty:15)

Opened 13.01 6.8% Opened (20609-000,Qty:13)

Out of Spec. 9.0% 4.7% Out of Specification (20609-000,Qty:9)

Spurious/Falre Operation 6.0% 3.2% Erratic (20609-000,Qty:6)

Shorted 6.0% 3.2% Short (20609-000,Qty:6)

Intermittent Operation 5.0% 2.6% Intermittent (20609-000,Qty:5)

Unknown 44.2% Unknown (20609-000,Qty:2) (20609-000,Qty:82)

Other (<%3) 3.2%

Contaminated 1.1% Contaminated (20609-000,Qty:2)

Cracked/Fractured 0.5% Cracked/Fractured (20609-000,Qty:l)

Corroded 0.5% Corroded (20609-000,Qty:l)

Broken 0.5% Broken (20609-000,Qty:l)

Leaking 0.5% Leaking (20609-000,Qty:l)

Transducer, Sensor, Light Sources :1
Out of Spec. 65.2% 53.6% Out of Specification (20609-000,Qty:15)

Out of Adjustment 21.7% 17.9% Out of Adjustment (20609-000,Qty:5)

Spurious/False Operation 13.0% 10.7% False Response (20609-000,Qty:3)

Other (0%5) 17.9%

Stuck Closed 3.6% Stuck Closed (20609-000,Qty:l)

No Operation 3.6% No Operation (20609-000,Qty:l)

Leaking 3.6% Leaking (20609-000,Oty:l)

Intermittent Operation 3.6% Intermittent (20609-000,Qty:l)

Cracked/Fractured 3.6% Cracked/Fractured (20609-000,Qty:l)

Transducer, Sensor, Pneumatic Sources:1
Out of Adjustment 50.0% 50.0% Out of Adjustment (20609-000,Qty:l)

No Operation 50.0% 50.0% No Operation (20609-000,gty:l)
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FMD-91 Failure Distribution Summaries 3-231
Part Failure Norm Fail Data
Deac. Mode/Mech Dist. Dist. Source(s)/Details

Transducer, Sensor, Solid State Sources: 1
Intermittent Operation 66.7% 66.7% Intermittent (20609'-000,Qty:2)

Out of Spec. 33.3t 33.3% Out of Specification C2063)9-000,Qty:l)

Transducer, Temperature Sources: I
Opened 100.0% 100.0% Open Lead-Cyclic Fatigue Of A Leadwi~re (10722-O00,Qty:l)

Transformer (Summary)
opened 37.51k
Shorted 37.4%
Degraded Output 8.5%
Drift 6.2%
Mechanical Failure 5.2%
Worn 5.1%

Transformer Sources:11
opened 40.1% 31.5% open (24991-000,33.0%) (24991-000,40.0%) (24991-000,50.0%)

(24991-000,100.0%) (24992-000,25.0%) (25000-OOC,Qty:l)
(25000-O00,Qty:l) (25000-000, Qty:2) (25000-000, Qty: 6)
C25000-000,Qty:7) (25000-000,Qty:ll) (25000-000,Qty:14)
(25000-000,oty:17) (25027-O0,Qty:l), Open - Primary
(24990-000,50.0%), Open - secondary (24990-000,10.0%), Open
Circuits (24993-000,5.0%), Open Magnet Wire-Mechanical
Stress (10722-000,Oty:l), Open Primary Winding
(10722-000,Qty:1), Open Magnet Wires-Manufacturing Defects
(10722-000,Qty:4), open Primary Windings-Ext. Electrical
Overstress (10722-000,oty:2), Verified Open Magnet Wire
(10722-000,Qty:l), Intermittent Opens (10722-000,Oty:3),

Open In One Of Secondary Windings-Ext. Overstress
C10722-OO0,Qty:l), Open Windings-Tensile Fractures Of The
Magnet Wire (10722-OOO,Qty:2), Faulty Leads (25038-300,5.0%)

Shorted 39.5% 31.1% Short- Dielectric Strength C25OOO-000,Qty:l)
(25000-000, Qty:3) (25000-000, Oty: 3) (25000-000, Qty: 4)
(25000-O00,Qty:4) (25000-000,Qty:5), Short- General
(25000-000,Qty:l) (25000-000,Qty:l) (25000-000,Qty:21),
Short-Dielectric Strength (25000-000,Qty-l)
(25000-000, Qty: 1), Short (20609-000, Qty:2) (24991-000, NR)
(24991-000,50.0%) (24991-000, 60.0%4) (24991-000, 66.0%4)
(24992-000,25.0%) (25000-000,Qty:20), Breakdown Between
Windings, Core and Case Surfacte (25016-000,NR), Short -

Primary (24990-000,30.0%), Short - Secondary
(24990-000, 10.0%) Shorted Turns (24993-000,00.0%),
Catastrophic-Due To Shorts (18175-000,14.046), Intra Winding
Short (10722-000,Qty:l), Short-Excessive Lengths Of Crossed
& Bare Lead Wir (10722-000,Qty:l), Primary To Secondary
Short (10722-O00,Qtyzl), Lamination-Solder Particle
(10722-000, Oty: 1), Insulation Breakdown (25038-000,25.0t),
Insulation Detierioration (25038-000,20.0%)

Dielectric Breakdown 6.4% 5.0% Dielectric Breakdokwn (24992-000,50.0%)

Drift 6.2% 4.9% Parameter Drift- Delta L (25OOO-O00,Qty:l)
(25000-000,Qtysi) (25000-OOO,Otyz 1), Paramenter Drift- Delta
R (25000-000,Qty:27) (25000-000,Qty:37), Parameter Drift-
Insulation Resistance (25000-000, Oty: 1) (25000-000, Oty: 1)
(25000-OOO,Qtyzl) 425000-000,gty:1) (25000-OO0,Qty:2)
(25000-000, Qty:2) (25000-000, Oty: 4) (25000-000, Oty: 6)
(25000-000, Oty: 61 (25000-000, Qty:6) (25000-000, Oty: 6)
(25000-OOO,Qty: 6) (25000-000, Qty:6) (25000-000, Oty: 6)
(25000-000, Qty:6) (25000-000, oty: 6) (25000-000, Oty: 7)
(25000-000, Qty:tk) (25000-000, Oty: 8) (25000-000, Oty: 9)
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3-232 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Transformer (continued)
Drift (continued)

(25000-000,Qty:10) (25000-000,Qty:17), Parameter Drift-
General (25000-000,Qty:23) (25000-000,Qty:54)

Corroded 4.2% 3.3% Corrosion (25000-000,Qty:2) (25000-000,Qty:6)
(25000-000,Qty:17) (25000-000,Qty:18), Corroded Windings
(25038-000,25.0%)

Wire Failure 3.6% 2.9% Tensile Fracture Of Magnet Wire (10722-.000,Qty:l), Wire
over-stress i25038-000,25.0%)

Unknown 5.7% Unknown (10722-000,Qty:l) (10722-000,Qty:l)
(18175-000,15.0%) (20609-000, Qty:l) (24993-000,15.0%)
(25000-000,Qty:2) (25000-000,Qty:6) (25000-000,Qty:ll)

Induced 3.6% Catastrophic-No Output Due To Automatic Removal
(18175-000,42.0%), Incorrect Output Due To Faulty Tap
Changer (18175-000,5.0%)

Other (<%4) 12.1%
Open Circuit 2.7% Catastrophic-No Output Due To Open Circuit

(18175-000,35.0%)

Intermittent Operation 2.0% Intermittent (20609-000,Qty:l) (25000-000,Qty:2)

Degraded Operation 2.0% Degraded (20609-000,Qty:l)

Mechanical Damage 1.8% Mechanical Damage (25000-000,Qty:l) (25000-000,Qty:l)
(25000-000,Qty:l) (25000-000,Qty:3) (25000-000,Qty:3)
(25000-000,Oty:4) (25000-000, Qty:5) (25000-000,Oty:6)
(25000-000,Qty:10) (25000-000,Oty:30), Degraded - Mechanical

Damage (18175-000,9.0%)

Lead Damage 1.1% Low Cycle Fatigue-Fractured Leads (10722-000,Qty:3)

Cracked/Fractured 0.7% Fractured Lead-Torsional Fatigue (10722-000,Qty:1),
Fractured Wire-Mechanical Overstress (10722-000,Qty:l)

Seal Failure 0.5% Leakage (seal) (25000-000,Qty:3) (25000-000,Qty:4)
(25000-000,Qty:8), Leakage(Seal) (25000-000,Qty:14)

Degraded Output 0.5% Degraded - Output Less Than Rated Capacity (18175-000,6.0%)

No Output 0.5% Catastrophic-No Output Due To Manual Removal
(18175-000,6.0%)

Electrical Overstress 0.4% Overatress (i0722-000,Qty:l)

Winding Failure NR Open or Short Circuit in Windings (25016-000,NR)

Change in Resistance MR Decrease in Insul. Resis. Between Windings & Core
(25016-000,NR), Change in DC Resistance in Windings
(25016-000,NR)

Decrease in Excitinq Current NR Radical Decrease in Excitation Current (25016-000,NR)

Change in Value MR Radical Decrease or Less of Inductance (25016-000,NR)
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FMD-91 Failure Distribution Summaries 3-233
Part Failure N4orm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Transformer Assembly Sources:l
opened 100.0% 100.0% Open-Faulty Solder Joint (10722-000,Qty:l), Pin 20 To Pin

16 Is Open-Fractured Magnet Wire (10722-000,Qty:l), Pin 10
To Pin 11 Is Open-Fracture Magnet Wire (l0722-000,Qty:1),
Open Between Pins 17 And 3-Fractured Magnet Wire
(10722-000,Qty:l), open Between Pins 10 And 11-Fractured
Magnet Wire (10722-000,Qty:l)

T:.ansformer AsseMbly, Dual Sources :1
Opened 80.0% 80.0% Open-Diode Cracked (10722-000,Qty:l), Noisy-Fractured

Magnet Wire (10722-000,Qty:l), Fractured/Open Magnet
Wire-Mechanical Oversitress (10722-000,Qty:l), Open Output
Winding (10722-000,Qty:l)

Degraded Operation 20.0% 20.0% Excessive Reverse Breakdown Voltage (10722-OOO,Qty:l)

Transformer, Audio, Sources :3

Opened 55.0% 36.7% Open (24994-000,60.0%), Open Primary (10722-000,Qty:l)

shorted 45.0% 30.0% Short (24994-000,40.0%), Short Primary (10722-000,Qty.-l)

Induced ---- 33.3% Inconsistent Inductance Ranges-Manufacturing Error
(25027-000, oty: 1)

Other ---- 0.0%
Drift NR Drift (24994-000,NR)

Transformer, Auto, Liquid Filled Sources :1
Degraded Output 43.8% 14.0% Degraded - Incorrect Output Due To Faulty Tap

(18175-000,8.0%), Degraded - Output Less Than Rated Capacity
(18175--000,6.0%)

Mechanical Damage 25.0% 8.0% Degraded - Mechanical Damage (18175-000,8.0%)

No Out.put 16.8% 6.0% Catastrophic-No Output Due To Manual Removal
1.18175-000, 6.0%)

Open Circuit 12.5% 4.0% Catastrophic-No Output Due To Open Circuit (18175-000,4.01)

Induced ---- 59.0% Catastrophic-No Output Due To Automatic Removal
(18175-000,5Sg.0%)

Unknown--- 9.0% Unknown (16175-000,9.01)

Transformier, Auto, Liquid Filled, Single Phase Sources :1
Degeadmd Output 37.7% 11.2% Degraded - Incorrect Output Due To Faulty Tap

(13175-000,4.0%) (18175-000,4.0%) (18175-000,5.0%)
(18175-000,7.0t) (18175-000,7.0%) (18175-000, 7.0%)
(18175-000, 7.0%) (18175-000,8.0%) (18175-000, 10.0%)
(18175-000, 10.00), D3graded - Output Less Than Rated
Capacity (16175-000,3.0%) (16175-000,3.0%) (16175-000,3.0%)
(16175-000,3.0%) (18115-000,4.0%) (16175-000,4.0%)
(18175-000,4.0%) (18175-W~0,5.00) (18175-000, 8.0%)
(18175.-000,0.0%), Degraded - Ircorrect Output Date To Faulty

Tap (18175-000,4.0t), Degraded - Output Less Than Capacity
(10175-000,5.0%)

Mechanical Damage 28.5% 6.5% Degraded - Mechanical Damage (16175-000,3.01)
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3-234 Failure Distribution Summnaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Miech Dist. Dist. Source(s)/Details

Transformer, Auto, Liquid Filled,Single P'hase (continued)
Mechanical Damage (continued)

(18l7ýS-000,5.0%) (18175-000,5.0%) (18175-000, 7.0%)
(18175-000,7.0%) (18175-000,7.0%) (18175-000,7.0%)
(18175-000,10.0%) (18175-000,11.0%) (18175-000,15.0%)
(18175-000, 16.0%)

No Output 17.8% 5.3% Catastrophic-No Output Due To Manual Removal
(18175-000,3.0%) (18175-000,4.0%4) (18175-000,4.014)
(18175-000,4.0%) (18175-000,4.0%) (18175-000,5.0%)
(18175-000,7.0%) (18175-000,8.0%) (18175-000,9.0t),
Catastrophic-No Output Due To Manual Removal 1
(10175-000,6.0%), Catastrophic-No Output Due to Manual
Removal (18175-000,4.0%)

Open Circuit 16.0% 4.7% Catastrophic-No Output Due To Open Circuit (18175-000,1.0%)
(18175-000,2.0%k) (18175-000,2.0%) (18175-000, 2.0%)
(183.75-000,2.0%) (18175-000,5.0%) (18175-0C0, 7.0%)
(18175-000,9.0%) (18175-000,10.0%) (18175-000,10.0%),
Catastophic-No Output Due To Open Circuit (18175-000,2.01)

Induced ---- 60.4% Catastrophic-No Output Due To Automatic Removal
(18175-000, 40.0%) (18175-000,40.0%) (18175-000, 60.0%)
(18175-000, 61.0%) (18175-000, 63.0%) (18175-000, 64.0%)
(181.75-000,64.0%) (18175-000,64.0%) (18175-000,65.0%)
(18175-000,71.0%) (18175-000,72.0%)

Unknown--------------------10.0% Unknown (18:75-000,3.0%) (18175-000,5.0%) (18175-000,8.0%)
(18175-000,8.0%4) (18175-000,9.0%k) (18175-000,9.0%)
(18175-000, 9.0%) (18175-000,11.0%) (18175-000, 16.0%)
(18175-000, 16.0%) (18175-000, 16.0%)

Transformer,Auto,Liquid Filled,Three Phase Sources:l
Degraded Output 49.3% 12.0% Degraded - Incorrect Output Due To Faulty Tap

(18175-000,4.0%) (18175-000, 6.0%) (18175-000, 6.0%)
(18175-000,7.0%s) (18175-000,11.01b) (18175-000,16.0%),
Degraded - Output Loes Than Rated Capacity (18175-000,2.0%)
(18175-000,2.0%) (18175-000,3.0%) (18175-000, 4.0%)
(18175-000,5.00) (18175-000,6.0%)

Mechanical Damage 24.0% 5.8% Degraded - Mechanical Damage (18175-000,5.00)
(18175-000,5.0%) (18175-000,5.0%) (18175-000,5.0%)
(18175-000,6.0%) (18175-000,9.00)

No Output 19.9% 4.8% Catastrophic-No Output Due To Manual Removal
(18175-000,3.00) (10175-000,4.0%) (18175-GOO,5.00)
(18175-000,5.0%) (18175-000,6.0%) (18175-000, 6.0%)

Open Circuit 6.6%A 1.7% Catastrophic-No Output Due To Open Circuit (16175-000,1.0%)
(18175-000,1.0%) (l1015-000,2.0%) (18175-000, 2.0%)
(13175-000,4.00)

Induced--------------------65.014 Catastrophic-No Output Due To Automatic P aval
(16175-000,54.0%) (10175-000, 60.0%) (13175-000,64.00)
(18175-000,66.0%) (18175-0CO, 60.0%6) (18175-000, 77.0%)

Unknown --- 10.7% Unknown (1S17S-000,4.0%V (18175-000,7.00) (1817S-000,10.0%)
(13175-000,14.0%) (16175-000,14.0%) (1.6175-000, 15.0%)
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S.Failure Distribution Summaries 3-235
Pant: Failure Norm Fail Data
Deet:. a'~oaol~4ch OtDistDt. t Source(s)/Details

Transf'ore, ..~......'t"-r Sources:1
Shorted 100.0% 100.0% Short-Stray Wire Shorted To Threaded Insert

(10722-000,Qty:l), Winding To Insert Short-Inadequate
Clearance (10722-000,Qty:l)

Transformer, Choke Sources :1
Opened 100.0% 100.0% Open (24994-000,100.0%)

Other 0.0%
Shorted NR Short (24994-000,NR)

Drift NR Drift (24994-000,NR)

Transformer, Coil Sources :2

Opened 45.7% 44.5% Open (24992-000,89.0%)

Worn 28.1% 27.4% Worn, Chaffed, Frayed, or Torn (25464-000,Qty:231)

Mechanical Failure 20.3% 19.8% Broken (25464-000,Oty:158), Cracked (25464-000,Qty:4),
Loose,Damaged,or Missing Mar (25464-000,Qty:5)

Shorted 5.7% 5.5% Short (24992-000,11.0%)

Drift 0.1% 0.1% Fluctuates, Unstable or Errati (25464-000,Qty:l)

Unknown 2.7% Unknown (25464-000,oty:3) (25464-000,Qty:20)

Transformer, Dither Sources:1
Opened 100.0% 100.0% Open Windings-Mechanical Overstress (10722-000,Qty:2),

Open-Cut Wire (10722-000,0ty:1)

Transformer,Dual Sense Sources:1
Shorted 100.0% 100.0% Internal Short-Part Misplacement Vendor Defect

(10722-000,Qty:l)

Transi~ormer, FET Sources :1
Shorted 100.0% 100.0% Shorted Drain To Source To Gate (10722-000,Qty:3)

Transformer,High Voltage Sources:1
Shorted 75.0% 75.0% Winding Shert-Lakcck Of Adequate Insulation

(10722-000,Qty:l), Low Secondary Voltage-Intrawinding Short
(10722-000,Qty:l), Short-Inadequate Insulation
(10722-000,Qty: 1)

Opened 25.0% 25.0% Secondary Winding Open (10722-000,Qty:i)
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3-236 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deac. Mode/Mech Dist. Dist. Sourze(s)/Details

Transformer, lnductor,Assembly Sourcesil
Shorted 75.0% 75.0% Inductor Ll Shorted To L2 (10722-000,oty:l), Short-Insert

Contacting Coil Windinqa (IU722-000,Qty:2)

Inductor Failure 25.0% 25.0% Inductors (10722-000,Qty:1)

Transfurmer,Inductor,Audio,High Power & Pulse Sources:l
Induced ------ <0.1% Excessive Primary Voltaqe (24417-002,NR), Excessive

Secondary Current (24417-002,NR), Input Frequency
Fluctuations (24417-002,NR)

Other ------ 100.0%
Corona NR Corona (2441'7-002,NR)

Shorted NR Insulation Breakdown (24417-002,NR), Short-Uninsulated
Current Carying Parts (24417-002,NR)

Opened NR Open-Poor Wire TeiminatLions (24417-002,NR)

Transformer, Instrument,Current Sources:
Shorted 66.9% 57.3% Catastrophic-No Output Due To Shorts (18175-000,55.0%)

(18175-000,57.0%) (18175-000,60.0%)

Open Circuit 19.1% 16.3% Catastrophic-No Output Due To Open Circuit
(18175-000,15.0%) (18175-000,17.0%) (18175-000,17.0%)

Degraded Operation 14.0% 12.0% Degraded (18175-000,10.0%) (18175-000,12.0%)
(18175-000,14.0%)

Unknown 14.3% Unknown (18175-000,13.0%) (18175-000,14.0%)
(18175-000,16.0%)

Transformer, Instrument,Potential Sources:1
Shorted 70.8% 60.0% Catastrophic-No Output Due To Shorts (18175-000,55.0%)

(18175-000,61.0%) (18175-000,61.0%) (18175-000,63.0%)

Open Circuit 18.0% 15.3% Catastrophic-No Output Due To Open Circuit
(18175-000,14.0%) (18175-000,15.0%) (18175-000,15.0%)
(18175-000,17.0%)

Degraded Operation 11.2% 9.5% Degraded (1817S-000,9.0%) (18175-000,9.0%) (18175-000,9.0%)
(18175-000, 11.0%)

Unknown 15.3% Unknown (18175-000,14.0%) (18175-000,15.0%)
(18175-000,15.0%) (18175-000,17.0%)

Transformer,Output Sources:1
Opened 100.0% 100.0% Open In Secondary-Tensil Failure Magnet Wire

(10722-000,Qty:l)
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FMD-91 Failure Distribution Summaries~ 3-237
Part Failure Norm Fail Data
Dome. Mode/Mech Dist. Dist. SourceWs/Details

Transformer,Power, Distribution Sources :1
Opened 50.0% 50.0% open circuit (24996-000,50.0%)

Shorted 50.0% S0.X% Short (24996-000,50.0%)

Transformer,Power,Filter Sources:1
Shorted 60.0% 60.0% Short (24994-000,60.0%)

opened 40.0% 40.0% Open (24994-000,40.0%)

Other ---- 010%
Drift NR Drift (24994-000,NR)

Transformer, Power, Gen/Unit Sources :1
Degraded output 4j.8% 14.0% Degraded - Incorrect Output Due To Faulty Tap

(18175-000,6.0%), Degraded - Output Lees Than Rated Capacity
(18175-000,8 .0%)

No Output 43.8% 14.00 Catastrophic-No Output Due To Manual Removal
(18175-000, 14.0%)

Open Circuit 12.5% 4.0% Catastrophic-No Output Due To open circuit (18175-000,4.0%k)

Induced ---- 54.0% Catastrophic-No Output Due To Automatic Removal
(18175-000,48.0%), Degraded - Mecharical (18175-000,6.0%)

Unknown ---- 14.0% Unknown (18175-000,14.0%)

Transformer, Power, Gem/Unit, L'quid Fill 1-Phase Sources :1
Degraded Output 32.9% 10.7% Degraded - Incorrect Output Due To Faulty Tap

(18175-000,2.01) (18175-000,3.0t) (18175-000, 4.0%)
(18175-000,5.0%) (181.75-000,5.0%) (18175-000,7.0%)
(18175-000,8.01), Degraded - Output Less Than Rated Capacity
(18175-000,4.0%) (18175-000, 4.0%) (18175-000,5.0%)
(18175-000,5.0%) (18175-000, 6.04k) (18175-000,8.0%)
(18175-000, 9.0%k)

No Output 30.3% 9.9% Catastrophic-No Output Due To Manual Removal
(18175-000,4.0%) (18175-000, 6.0%) (18175-000, 6.0%)
(183.75-000,9.0%) (18175-000,9.0%) (18175-000,17.0%)
(18175-000, 18.0%)

Open. Circuit 23.2% 7.6% Catastrophic-No Output Due To Open Circuit (18175-000,1.0%)
(18175-000,2 .0%) (18175-000, 6.0%k) (18175-000, 6.0%)
(18175-000, 10.01b) (18175-000,25.0%), Catastrophic-No Output

Due To Open Circuit (18175-000,3.0%)

Mechanical Damiage 13.6% 4.4% Dograded - Mechanical Damage (18175-000,3.0%)
(18175-000,5.0%) (18175-000, 6.0%) (18175-000, 7.0%)
(18175-000, 10.0%4)

Induced ---- 50.6% Catastrophic-No Output Due To Automatic Removal
(1,8175-000, 38.0%) (18175-000, 41.0%) (18175-000,42.0%)
(18175-000, 46.0%) (18175-000,48.0%) (18175-000,64.0%)
(18175-000,67.0t), Degradei - lMachanical (18175-000,2.0t),
Degraded - Mechanical Damuage (18175-000,6.0%)

Unknown ---- 16.7% Unknown (18175-000,14.0%) (18175-000,15.0%k)
(18175-000, 15.0%) (10175-000, 16.0%) (18175-000, 17.0%)
(18175-000,17.0%r) (18175-000,23.0%)
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3-238 Failure Distribution Sununaries FMD-91
Part Fa'.lure Norm Fail Data
Daei~. Mode/Mech Dist.. Dist. Source(s)/Details

Transformer,Power,Geai/Urit, Liquid Fill 3-Phase Sourcesil
Degraded output 42.8% 13.4% Degraded - Incorrect Output Due To Faulty Tap

(18175-000,4.0%) (18175-000,6.0%) (18175-000,7.0%)
(19175-000,8.0%) (18175-000,8.0%) (18175-000,10.0t)
(18175-000,10.0%), Degraded - output Less Than Rated
Capacity (18175-000,3.01) (18175-000,4.0%) (18175-000,4.0%)
(18175-000,5.0%) (18175-000,5.0%) (18175-000,7.01)
(18175-000,9.0%) (18175-000,9.0t), Degraded - Incorrect
Damage Due To Faulty Tap (10175-000,9.0%)

Mechanical Damage 24.4% 7.6% Degraded - Mechanical Damage (18175-000,5.04)
(18175-000,5.0%) (18175-000, 5.0%) (18175-000,6.0%)
(18175-000, 7.0%) (18175-000,10.0%) (19175-000,10.0%)
(18175-000, 23.0%)

No Output 19.8% 5.9% Catastrophic-No Output Due To Manual Removal
(19175-000,2.0%4) (18175-000,4.0%) (18175-000, 5.0%)
(18175-000,7.0%k) (18175-000,7.04) (18175-000,7.00)
(18175-000, 7.0%) (18175-000,8.01%)

Open Circuit 14.0% 4.4% Catastrophic-No Output Due To Open Circuit (18175-000,3.0%)
(18175-000,3.0%k) (18175-000, 3.0%) (18175-000, 4.0%)
(18175-COO,4.0%) (18175-000,4.04) (18175-000,7.0t)
(18175-000,7.0%k)

Induced .---52.9t Catastrophic-No Output Due To Automatic Removal
(18175-000,46.0%) (18175-000,47.0%) (18175-000,49.0%)
(19175-000, 49.0%) (18175-000,52.0%) (19175-000,53.0%)
(18175-000,59.0%) (18175-000,68.0%)

Unknown ---- 15.9% Unknown (18175-000,3.0%F) (18175-000,11.0%)
(18175-000,14.0%) (18175-000, 17.0%) (18175-000, 17.0t)
(18175-000,18.0%) (19175-000,23.0%) (18175-000,24.0%)

Transformer,Power,Gen/Unit, Liquid Filled Sources:1
No Output 50.0% 17.0% Catastrophic-No Output Due To Manual Removal

(18175-000, 17.0%)

Degraded Output 29.4% 10.0% Degraded - Incorrect Output Due To Faulty Tap
(19175-000,7.00), Degraded - Output Less Than Rated Capacity
(18175-000,3.0%)

Mechanical Damage 11.8% 4.0% Degraded - Mechanical Damage (18175-000,4.0%)

Open Circuit 8.8* 3.0% Catastrophic-No Output Due To Open Circuit (18175-000,3.0%)

Induced ---- 52.0% Catastrophic-No Output Due To Automatic Removal
(18175-000,52.0%)

unknown ---- 14.0% Ur~known (18175-000,14.0%)

Transformer,Power,Phase,Three Sources :1
Open~d 100.0% 100.0% Primary Winding Open-Tensile Failure (10722-000,Qty:1)
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FMD-91 Failure Distributioni Summaries 3-239
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dint. Source(s)/Details

Transformer,Power,Set Up Sources:l
Opened 100.0% 100.0% Winding 7/e Open-Tensile Failure (10722-000,Qty:l)

Transformer, Pulse Sources :2

Opened 80.0% 80.01 open (24994-000,60.0%), Open-Wire Damage Prior To Potting

(10722-000, Qty: 1)

Shorted 20.0% 20.0% Short (24994-000,40.0%)

Other ---- 0.0%
Drift NR Drift (24994-000,NR)

Transformer, Pulse, Dual Sources :1
Opened 100.0% 100.0% open-Tensile i'racture Of Magnet Wire (10722-000,Qty:l),

Open At Pin 4-Mechanical Damage (10122-OOO,oty:1)

Transformer, Pulse, High Power Source. :1
Mechanical Failure 68.6% 16.3% Mach (25030-000,Qty:l) (25030-OOO,Qty:l) (25030-000,Qty:1l)

(25030-000,Qty:2) (25030-000,Qty.5) (25030-000,Qty:25),
Mech. (25030-000,Oty:6) (25030-000,Oty:29)

Shorted 12.7% 3.0% Die Breakdown (25030-000,oty:13)

Exciting Current 7.8% 1.9% Exciting Current (25030-000,Qty:4) (25030-OCO,Qty:4)

Opened 3.9%k 0.9% open (25030-000,Qty:l) (25030-000,Otly:3)

High Secondary Resistence 3.9% 0.9% Sec. Res. OHL (25030-000,Qty:-4)

Turns Ratio 2.9% 0.7%b Turns Ratio (25030-000,oty:1) (25030-000,Qty:2)

Unknown--------------------39.2% Uriknown (25030-OOO,Qty:l) (25030-000,Qty:l)
(25030-000, Qty: 4) (25030-000, oty: 5) (25030-000, Qty: 6)
(25030-000,Qty:7) (25030-000,Qty:8) (25030-O00,Qty:lO)
(25030-000,Qty:10) (25030-000,Qty:11) (25030-000,Qty:12)
(25030-000,Qty:17) (25030-000,oty:32) (25030-000,Qty:44)

Induced ------------------- 37.1% Assembled Wrong (25030-000,oty:l) (25030-000,Qty:5)
(25030-000,oty:-48) (25030-COO,Qty:105)

Transformer,Pulse, Low Power Sources :3
Degraded Output 61.4% 54.0% Parameter Change (24996-000,54.0%), Change in Core

Characteristics (24417-002,NR), Parameter change
(24997-000,54.0%)

Shorted 22.7% 20.0% Short (24996-000,20.0%) (24997-000,20.0%)

Opened 15.9% 14.00 Open Circuit (24996-000,14.0%) (24997-000,14.00)

Unknown ---- 12.0% Unknown (24996-000,12.0%) (24997-000,12.00)

Other -- 0.0%
Broken NR Broken Coil Wire (24417-002,NR)

Insulation Failure NR Insulatioi Failure (24417-002,NR)
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3-240 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deoc. Mode/Mach Dist. Dist. Source(s)/Details

Transformer,RF A Coil Sources:1
Drift 85.0% 85.0% Drift (24994-000,85.0%)

Opened 15.0% 15.0% Open (24994-000,15.0%)

Other 0.0%
Shorted NR Short (24994-000,NR)

Transformer,Rectifier Sources :1
No Output 32.6% 14.0% Catastrophic-No Output Due To Manual Removal

(18175-000,14.0%)

Degraded Output 30.2% 13.0% Degraded - Output Less Than Rated Capacity
(18175-000,13.0%)

Mechanical Damage 25.6% 11.0% Degraded - Mechanical Damage (18175-000,11.0%)

open Circuit 11.6% 5.0% Catastrophic-No Output Due To Open Circuit (18175-000,5.0%)

Induced 48.0% Catastrophic-No Output Due To Automatic Removal
(18175-000, 48.0%)

Unknown 9.0% Unknown (18175-000,9.0%)

Transformer, Rectifier, Excitation Sources :1
Degraded Output 42.9% 21.0% Degraded - Output Less Than Rated Capacity

(18175-000,21.0%)

No Output 32.7% 16.0% Catastrophic-No Output Due To Manual Romoval
(18175-000, 16.0%)

Open Circuit 12.2% 6.0% Catastrophic-No Output Due To Open Circuit (18175-000,6.0%)

Mechanical Damage 12.2% 6.0% Degraded - Mechanical Damage (18175-000,6.0%)

Induced 42.0% Catastrophic-No Output Due To Automatic Removal
(18175-000, 42.0%)

Unknown 9.0% Unknown (18175-000,9.0%)

Transformer, Rectifier,Precipitator Sources :1
Degraded Output 58.2% 32.0% Degraded - Output LAss Than Rated Capacity

(18175-000, 32.0%)

Mechanical Damage 21.8% 12.0% Degraded - Mackrnical Damage (18175-000,12.0%)

No Output 14.5% 8.0% Catastrophic-Nu Output Due To Manual Removal
(18175-000, 8.0%)

Open Circuit 5.5% 3.0% Catastrophic-No Output Due To Open Circuit (18175-000,3.0%)

Induced 40.0% Cttastrophic-No Output Due To Automatic Removal
(18175-000, 40.0%)

Unknown 5.0% Unknown (18175-000,5.0%)
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FMD-91 _______Failure Distribution Summaries 3-241
Part Failure Norm Fail Data
Demo. Mode/Much Dist. Dist. Source(s)/Details

Trmnsformer,Senue Digit Sourcesil
Opened 87.5'. 87.5% Open-Fracturod Diode (1O722-000,Qty:l), Open-Fractured

Magnet Wire (10722-000,Oty:1), Fractured Magnet Wire-Process
Damage (10722-000,Qty:1) * Intermittent Open-Manufacturing
Process Defect (10722-000,oty:1), Open-Fractured WIre In
Transformer (10722-OOO,Qty:1), Internal Wire
Fractured-Cyclic Fatigue (10722-000,Cjty: 1), Intermittent
Open-Fractured Magnet Wire (10722-000,Qty:1)

Shorted 12.5'. 12.5% Low Resistance Short (107122-000,Qty:1)

Transformer,Station Service Inc Sources:1
No Output 28.0% 1.0% Catastrophic-No Output Due To Manual Removal

(18175-000,7.0%)

Open Circuit 24.0% 6.0% Catastrophic-No Output Due To Open Cizcuit (18175-000,6.0%)

Mechanical Damage 24.0% 6.0% Degraded - Mechanical Damage (18175-000,6.0%)

Degraded Output 24.0% 6.0% Degraded - Incorrect Output Due To Faulty Tap
(18175-000,3.0%), Degraded - Output Less Than Rated Capacity
(18175-000,3.0%)

Induced ---- 63.0'. Cataistrophic-No Output Due To Automatic Removal
(18175-000, 63.0Of)

Unknown ---- 12.0% Unknown (18175-000,12.0%)

Transformer,Station Service Incl,Dry Type, 1-PhaseSourcea:1
Mechanical Damage 33.3% 10.3% Degraded - Mechanical Damage (18175-000,9.0%b)

(18175-000, 10.0%) (18175-000,10.0%) (18175-000,12.0%)

No Output 23.6%k 7.3% Catastrophic-No Output Due To Manual Removal
(18175-000,7.0%k) (18175-000,7.0'k) (18175-000,7.0%)
(18175-000,8.0%)

Degraded output 22.0% 6.8% Degraded - Incorrect Output Due To Faulty Tap
'18175-000,4.0t) (18175-000,4.0$j) (18175-000,4.0%)
(18175-000,6.00), Degraded - Output Less Than Rated Capacity
(18175-000,2.0%) (18175-000,2.0%k) (18175-000,2.0%k)
(18175-000,3.0%k)

Open Circuit 21.1% 6.5% Catastrophic-No Output Due To opemn Circuit (18175-000,6.0%)
(18175-000,6.0%) (18175-000,7.0%) (18175-000,7.0%d)

Induced ---- 55.8% Catastrophic-No Output Due To Automatic Removal
(18175-000,54.0%) (18175-000,54.0%) (18175-000,57.0%)
(18175-000,58.0%)

Unknown ---- 13.5% Unknown (18175-000,13.0%) (18175-000,13.0%)
(18175-000,13.0%) (18175-000,15.0%)

Transformer,Station Service ncl, Dry Type, 3-PhaseSources.1
No Output 35.8% 10.8% Catastrophic-No Output Due To Manual Removal

(18175-000,9.00) (18175-000,11.0%) (18175-000,11.0%)
(19175-000, 12.0%)

Open Circuit 23.3% 7.1% Catastrophic-No Output Due To Open Circuit (18175-000,5.0%)
(18175-000, 7.00) (18175-000, 8.0%) (18175-000, 8.0%)

Mechanical Damage 23.3% 7.1% Degraded - Mechanical Damage (18175-000,6.0%)
(18175-000,7.0%b) (18175-000, 7.00) (18175-000, 8.01)
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3-242 Failure Distribution Sumnmaries FMD-91
Part Failure Norm Fail Data
Deac. Mode/Mach Dist. Dist. Source(*)/DetaJIls

Transformer, Station Sorvice Incl,Dry Type,3-Phase (continued)
Degraded Output 17.5% 5.3% Degraded - Incorrect Output Due To Faulty Tap

(183.75-000,2.0%) (18175-000,4.0%k) (18175-000,5 .0%)
(18175-000,5.0%), Degraded - output Lesrn Than R~ated Capacity
(18175-000,1.01) (18175-000,1.0%) (19175-000, 1.0%)
(18175-000,2.0%k)

Induced ---- 56.9% Catastrophic-No Output Dur To Automatic Removal
(18175-000,55.0%) (18'75-000,56.0%) (18175-000,56.0%)
(18175-000, 59.0%)

Unknown ---- 12.6% Unknown (18175-000,12.0%k) (18175-000,12.0%)
(18175-000,13.0%) (18175-000,14.0%)

Transformer, Station Service Incl,Liquid Filled, 1-PhaseSources:1
No Output 30.7% 7.8% Catastrophic-No Output Due To Manual Removal

(18175-000,5.0%) (18175-000,6.0%) (18175-000,8.0%)
(18175-000, 12.0%)

Open Circuit 24.8t 6.3% Catastrophic-No Output Due To Open Circuit (18175-000,4.0%)
(19175-000, 6.0%k) (18175-000, 7.0%) (18175-000, 8.0%)

Mechanical Damage 22.8% 5.8% Dee'raded - Mechanical Damage (18175-000,5.0%)
(1817S-000,5.0%) (18175-000,6.0%) (18175-000,7.0%)

Degraded Output 21.8% 5.6% Degraded - Irý_rreot Ouput Due To Faulty Tap
(18175-000,4.0%), Degraded - Output Less Than Rated Capacity
(18175-000,2.0%k) (18175-000,2.0%) (18175-000,3.0%)
(38175-000,3.0%), Degraded - Incorrect Output Due To Faulty
Tap !18175-.000,2.0%) (18175-000,3.0%) (18175-000,3.0%1)

Induced ---- 61.5% Cataatrophic-No Output Due To Aitomatic Removal
(18175-000,54.0%) (18175-000, 60.0%) (18175-000,63.0%)
(18175-000, 66.0t)

Unknown ---- 12.9% Unknown (181"5-000,12.0%) (18175-000,13.0%4)
(18175-000,13.04) (18175-000,13.0%)

Transformer, Stat ion Service Inc, Liqujid Filled, 3-PhaseSources:1
No Output 37.3% 10.3% Cat~astrophic-No Output Due To Manual Removal

(18175-000, 8.0%j) (18175-000, 9.0%) (18175-000,12.0%k)
(18175-000, 12.0%)

Degraded Output 24.5% 6.8% Degraded - Incorrect Output Due To Faulty Tap
(18175-000,3.0%) (18175-000,3.0%) (18175-000,4.0%1)
(18175-000,9.0%k), Degraded - Output Less Than Rated Capacity
(18175-000, 1.0%k) (18175-000,2.0%) (18175-000, 2.0%)
(18175-000, 3.0%)

Open Circuit 20.0% 5.5% Catastrophic-No Output Due To open Circuit (18175-000,4.0%)
(18175-000,5.0%) (18175-000,6.0%) (18175-000,7.04%)

Mechanical Damage 18.2% 5.0% Degraded - Mechanical Damage (18175-000,5.01)
(18175-000, 6.0%) (181-75-000, 9.0%)

Induced ---- 52.4% Catastrophic-No Output Due To Automatic Removal
(.1.8175-000, 39.00) (19175-000, 52.0%) (18175-000,58.0%)
(18175-000, 61.0%)

Unknown ---- 20.1% Unknown (18175-000,9.0%) (18175-000,12.00)
(18175-000,14.0%) (18175-000,45.0%)
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FMD-91 Failure Distribution Summaries 3-243
Part Failure Norm Fail Data
Dose. Mode/Mech Dist. Dist. Source(s)/Detail3

Transformer,Substat ton, Liquid Filled, i-Phase Sources:l
Degraded Output 41.7% 12.2% Degraded - Incorrect Output Due To Faulty Tap

(18175-000,3.0%) (18175-000,5.0%4) (18175-000, 6.0%)
(18175-000,6.0%) (18175-000,6.0%) (18175-000,8.0t)
(18175-000,10.0%) (18175-000,10.0%) (18175-000,15.0t),
Degraded - Output Less Than Rated Capacity (18175-000,2.0%)
(18175-000,3.1%) (18175-000,3.0%) (18175-000,4.0%)
(18175-000,4.0%k) (18175-000,4.0%) (18175-000,6.0%)
(18175-000, 6.0]k) (18175-000, 9.0%)

Mechanical Damage 27.7% 8.1t Degraded - Mechanical Damage (18175-000,5.0%)
(18175-000,6.04r) (18175-000,7.0%k) (18175-000,7.0%)
(18175-000,7.0%) (16175-000, 8.0%) (1.8175-0001,8.0%)
(18175-000,12.0%) (18175-000,13.0%)

No Output 22.0% 6.4% Catastrophic-No Output Due To Manual Removal
(18175-000,3.0%) (18175-000,3.0%) (18175-000,4.0%)
(18175-000,4.0%) (18175-000,5.0%) (18175-000,6.0%)
(18175-000,6.0%) (18175-000,12.0%) (18175-000,15.0%)

Open Circuit 8.7% 2.6% Catastrophic-No Output Due To Open Circuit (18175-000,1.0%)
(18175-000,1.0%k) (18175-000,2.0%t) (18175-000,2.0%)
(18175-000,2.0%) (18175-000,3.0%) (18175-000, 3.0%)
(18175-000,3.0%) (18175-000,6.0%)

Induced ---- 53.4% Catastrophic-No Output Due To Automatic Removal
(18175-000,14.0%k) (18175-000,28.0'k) (18175-000,55.0%)
(18175-000, 57.0'k) (18175-000,58.0%) (18175-000,63.0%)
(18175-000,63.0%) (18175-000,71.0%) (18175-000,72.0%)

unknown ---- 17.2% Unknown (18175-000,6.0%) (18175-000,10.0%)
(18175-000, 10.0%) (18175-000, 11.0%) (18175-000,12.0%)
(18175-000, 13.0%) (18175-000, 19.0%) (18175-000,32.0%)
(18175-000, 40.0%)

Transforme~r,Substation, Liquid Filled, 3-Phase Sources 21
Degraded Output 39.9% 9.1% Degraded - Incorrect Output Due To Faulty Tap

(18175-000,3.0%) (18175-000,3.0%) (18175-000,4.0%)
(18175-000, 5.04) (18175-000, 6.0%k) (13175-000, 7.0%)
(18175-000,8.0%) (18175-000,9.0%), Degraded - Output Less
Than Rated Capacity (18175-000,1.0%) (18175-000,2.0%)
(18175-000, 3.0%k) (18175-000,3.0%) (18175-000, 3.0%)
(18175-000,5.0%) (18175-000,5.0%) (18175-000, 6.0%)

Mechanical Damage 29.5% 6.7% Degraded - Mechanical Damage (18175-000,5.0%)
(18175-000, 6.0%) (18175-000, 6.0%) (18175-000, 6.0%)
(18175-000,7.0%) (18175-000, 7.0%) (18175-000,8.0%)
(18175-000, 9.0%)

No Output 20.2% 4.6% Catastrophic-No Output Due To Manual Removal
(18175-000,4.0%) (18175-000,4.0%) (18175-000,4.0%)
(18175-000,4.0%) (18175-000, 5.0%) (18175-000,5.0%)
(18175-000,6.0%), Catastrophic-No Output Due to Manual
Removal (18175-000,5.0%)

Open Circuit 10.4% 2.4% Catastrophic-No Output Due To Open Circuit (18175-000,1.0%)
(18175-000,1.0%) (18175-000,1.0%) (18175-000, 2.0%)
(18175-000, 2.0%k) (18175-000,3.0%) (18175-000,4.0%)
(18175-000,5.0%)

Induced ---- 65.7% Catastrophic-No Output Due To Automatic Removal
(18175-000, 61.0%) (18175-000, 62.0%) (18175-000,64.0%)
(18175-000, 65.0%) (18175-000, 66.0%) (18175-000, 69.0%)
(18175-000,69.0%) (18175-000,71.0%)

Unknown ---- 11.5% Unknown (18175-000,7.00) (18175-000,8.0%) (18175-000,8.01)
(18175-000, 10.0%) (18175-000, 10.0%) (18175-000, 11.0%)
(18175-000,19.00) (18175-000,19.0%)
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3-244 Failure Distribution Summaries FIMD-91.
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Transformer,Toridal Sources:1
Shorted 100.0% 100.0% Primary To Shield Shorts (10722-000,Qty:5)

Transformer, Transmission Tile Sources:l
Degraded Output 37.5% 12.0% Degraded - Incorrect Output Due To Faulty Tap

(18175-000,7.0%), Degraded - Output Less Than Rated Capacity
(18175-000,5.0%)

Open Circuit 21.9% 7.0% Catastrophic-No Output Due To Open Circuit (18175-000,7.0%)

Mechanical Damage 21.9% 7.0% Degraded - Mechanical Damage (18175-000,7.0%)

No Output 18.8% 6.0% Catastrophic-No Output Due To Manual Removal
(18175-000,6.0%)

Induced 58.0% Catastrophic-No Output Due To Automatic Removal
(18175-000,58.0%)

Unknown 10.0% Unknown (18175-000,10.0%)

Transformer, Transmission Tile, Liquid Filled, l-PhaseSources.1
Degraded Output 30.0% 9.5% Degraded - Incorrect Output Due To Faulty Tap

(18175-000,3.0%) (18175-000,4.0%) (18175-000,5.0%)
(18175-000,6.0%) (18175-000,6.0%) (18175-000,6.0%)
(18175-000,7.0%) (18175-000,7.0%), Degraded - Output Less
Than Rated Capacity (18175-000,3.0%) (18175-000,3.0%)
(18175-000,4.0%) (18175-000,5.0%) (18175-000,5.0%)
(18175-000,5.0%) (181-75-000,7.0%)

No Output 26.5% 8.4% Catastrophic-No Output Due To Manual Removal
(18175-000,5.0%) (18175-000,7.0%) (18175-000,7.0%)
(18175-000,8.0%) (18175-000,8.0%) (18175-000,9.0%)
(18175-000,10.0%) (18175-000,13.0%)

Open Circuit 20.6% 6.5% Catastrophic-No Output Due To Open Circuit (18175-000,3.0%)
(18175-000,3.0%) (18175-000,3.0%) (18175-000,4.0%)
(18175-000,6.0%) (18175-000,7.0%) (18175-000,10.0%)
(18175-000,16.0%)

Mechanical Damage 20.2% 6.4% Degraded - Mechanical Damage (18175-000,2.0%)
(18175-000,4.0%) (18175-000,4.0%) (18175-000,4.0%)
(18175-000,7.0%) (18175-000,8.0%) (18175-000,10.0%)
(18175-000,12.Q%)

Degraded Operation 2.8% 0.9% Output Less Than Rated Capacity (18175-000,7.0%)

Induced 51.5% Catastrophic-No Output Due To Automatic Removal
(18175-000,20.0%) (18175-000,33.0%) (18175-000,51.0%)
(18175-000,54.0%) (18175-000,58.0%) (18175-000,64.0%)
(18175-000,70.0%), Catastrophic-No Output Due To Automatic
Removal (18175-000,62.0%)

Unknown ------ 16.9% Unknown (18175-000,10.0%) (18175-000,11.0%)
(18175-000,12.0%) (18175-000,12.0%) (18175-000,12.0%)
(18175-000,15.0%) (18175-000,18.0%) (18175-000,45.0%)
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FMD-91 Failure Distribution Summaries 3-245
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Transformer, Transmission Tile, Liquid Filled, 3-PhaseSources: 1
Degraded Output 32.3'% 11.8% Degraded - Incorrect Output Due To Faulty Tap

(18175-000, 4.0%) (18175-000,5.0%k) (18175-000, 5.0%)
(18175-000, 6.0%) (18175-000, 7.0%) (18175-000, 8.0%)
(181:75-000,10.0%), Degraded - Output Less Than Rated
Capacity (18175-000,2.0%) (18175-000, 3.0%) (18175-000,3.0%)
(18175-000,4.0%) (18175-000, 5.0%) (18175-000, 6.0%)
(18175-000,7.0%) (18175-000,8.016), Degraded - Incorrecct
Output Due To Faulty Tap (18175-000,11.0%)

Mechanical Damage 25.4% 9.3% Degraded - Mechanical Damage (18175-000,2.0%)
(18175-000,3.0%) (18175-000,5.0%) (18175-000, 5.0%)
(18175-000,6.0%) (18175-000,12.0%) (18175-000,25.0%)
(18175-000, 26.0%)

No Output 22.3% 8.1% Catastrophic-No Output Due To Manual Removal
(18175-.000,6.0%) (18175-000,6.0%) (18175-000,7.0%)
(18175-000,7.0%) (18175-000,8.0%) (18175-000,9.0%)
(18175-000,10.0%) (18175-000,12.0%4)

Open Circuit 19.9% 7.3% Catastrophic-No Output Due To Open Circuit (18175-000,3.0%)
(18175-000,4.0%) (10175-000,5.0%k) (18175-000, 5.0%)
(18175-000,7.0%) (18175-000,7.0%) (18175-000,12.0%)
(18175-000, 15.0%)

Induced ---- 52.4% Catastrophic-No Output Due To Automatic Removal
(18175-000,38.0%) (181'75-000, 41.0%) (18175-000, 46.0%)
(18175-000,47.0%) (18175-000,54.0%) (18175-000,60.0%)
(18175-000,65.0%) (18175-000, 68.0%)

Unknown--------------------11.3% Unkn~own (18175-000,8.0%) (18175-000,8.0%) (18175-000,9.0%)
(18175-000,11.0%) (18175-000, 12.0%) (18175-000,12.0%)
(18175-000, 12.0%) (18175-000, 18.0%)

Transistor Sovirces :13
Shorted 23.4% 17.4% Short (24417-002,NR) (24990-000,30.0%) (24992-000,30.0%)

(24992-000, 31.5%) (24994-000, 20.0%) (24997-000,37.0%)
(25000-000,Qty:l) (25000-000,Qty:1) (25000-000,Qty:1)
(25000-000,Qty:l) (25000-000,Qty:1) (25000-000,Qty:2)
(25000-000, Oty :3) (25000-000, Oty: 6) (25000-000, Qty: 7)
(25000-000,Qty:23) (25000-000,Qty:24) (25000-000,Oty:34)
(25000-000, Qty: 40) (25000-000, Qty: 257) (25000-000, Qty: 595)
(25014-000, Qty: 17) (25027-000, Oty: 2) (25027-000, Qty:4),
Short-Thermal Expansion Mismatch (25016-000,NR),
Short-Foreign Particles (25016-000,NR), Short-Surface
Defects (25016-000,NR), Short-Defective Bonds
(25016-000,NR), Intermittent Short (10722-000,Qty:1)

Opened 22.9% 16.9% Open (24417-002,NR) (24992-000,52.6%) (24992-000, 70.0%)
(24994-000,15.0%) (24997-000, 29.0%) (25000-000,Qty: 1)
(25000-000,Qty:1) (25000-000,gty;1) (25000-000,Qty:1)
(25000-000, Oty :2) (25000-000, Qty: 2) (25000-000, Qty: 3)
(25000-000,Qty:4) (25000-000,Qty:7) (25000-000,Qty:8)
(25000-000,Cz1y:8) (25000-000,Qty:12) (25000-000,Qty:14)
(25000-000,Qtytl5) (25000-000,Qtyt17) (25000-O00,fQty:17)
(25000-000, Oty: 19) (25000-000, Qty :24) (25000-000, Qty:106)
(25000-000,Qty:5l7) (25014-000,Qty:49), Interconnect
(24417-002,NR) (25014-000,Qty:S), Open-Defective Bonds
(25016-000,NR), open-Thermal Expansion Mismastch
(25016-000,14K), High Saturation Resistance-Defective Bonds
(25016-000,NR), High Thermal Resistance-Thermal Expansion
Mismatch (25016-000,NR), Open circuit (24990-000,30.0t),
Open Terminals (24993-000,4.0t), Excessive On-Voltage Drop
(24417-002,14K), Open Circuit Between Anode and Cathode
Terminals (24417-002,NR)

Reduced Beta 15.0% 11.1% Parammter Drift-hFE (25000-000,Qtyzl) (25000-000,Qty:1)
(25000-000,Qty:2) (25000-000,Qty:2) (25000-000,Qty:3)
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3-246 Failure Distribution Summ~aries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Transistor (continued)
Reduced Beta (continued)

(25000-000,Qty:5) (25000-000,Oty:5) (25000-000,Qty:7) , Low
Beta-Surface Defects (25016-000,NR), Low Beta-Junction
Profile Changes (25016-000,NR), Low Gain (24990-000,20.0%),
Output Low (24991-000,67.0t), Low gain (25027-000,Qty:l0)

Base Opened 12.5t 9.3% Open base-Base bond wire fused open (25001-000,Qty:l),
Base&Emitter Bond Leads Melted Open-Overstress
(10722-000,Qty: 1)

Drift 11.2% 8.3% Parameter Drift-General (25000-000,Q)ty:l) (25000-000,Qty:l)
(25000-000,Qty:]1) (25000-000, Oty: 1) (25000-000,oty: 1)
(25000-000,Qty:l) (25000-000,Oty:l) (25000-000,Qty:2)
(25000-000,Qty:2) (25000-000,Qty:3) (25000-000,Qty.:3)
(25000-000,Q)ty:3) (25000-000,Oty:4) (25000-000,Qty:4)
(25000-000,Oty:4) (250D0-000,Qty:5) (25D00-000,Qty:7)
(25000-000,Qty:8) (25000-000,Qty:19) (25000-000,Qty:43)
(25000-000,Qty:184), Parameter Drift-I CBO (25000-000,Qty:2)
(25000-000,Qty:3) (25000-000,Qty:l0), Parameter Drift-IEBO
(25000-000,Oty.-l) (25000-000,Oty:l) (25000-000,Qty:l)
(25000-000,Qty:6), Parameter Drift-ICBO (25000-000,Qty:l)
(25000-000,Qty:l) (25000-000, Oty: 1) (25000-000, Oty: 1)
(25000-000,Qty:1) (25000-000,Qty: 1) (25000-000, Oty: 1)
(25000-000,Qty:2) (25000-000,Oty-:2) (25000-000,Qty:12)
(25000-000,Qty:.2) (25000-D00,Gty:-21 (25000-000,oty:3)
(25000-000,oty:3) (25000-000, Oty: 4) (25000-000, Oty: 4)
(25000-000,Qty:6) (25000-000,Qty:-6) (25000-000,Qty: 13),
Parameter Drift-VBE, VCE, VCB (25000-000, Oty: 3)
(25000-000,rity:7), Drift (24992-000,5.3%) (24994-000,65.0%),
Parameter change (24997-000,15.0%)

High Leakage Current 10.8% 8.0% High Leakage-Thermal Expansion Mismatch (25016-000,NR),
High Leakage-Surface Defects (25016-000,NR), High
Leakage-Foreign Particles (25016-000,NR), High Leakage
(24990-000,20.0t), High Collector To Bass Leakage Current
(24993-000,59.0t), Junction Leakage* (10722-000,Qty:l),
Leakage current (24997-000,5.8%)

Low Breakdown Voltage 4.2% 3.1% Low BVceo-Surface Defects (25016-000,NR), Low Collector To
Emitter Breakdown Voltage (BVCEO) (24993-000,37.0%k)

Unknown ---- 3.7% Unknown (24417-002,7.0%) (24997-000,12.6%)
(25000-000, Qty: 1) (25000-000, Oty: 2) (25000-000, Oty: 3)
(25000-000,Qty:21) (25000-OOO,Qty:34) (25014-000,Qty:7)
(25014-000, Qty:-34)

Induced--------------------1.3%1 External Mechanical Degradation (24417-00;.,NR), Bulk Defect
(24417-002,NR), Photolithography Defects (24417-002,4.0t),
Electrical Defects (24417-002, 12.0%)

Other (<%4) ---- 20.9%
Metallization 2.8% Metalization (25014-000,Qty:14), Metallization

(24417-002,26.0%)

Output Stuck High 2.8% Output High (24991-000,33.0%)

Mechanical Damage 1.9% Mechanical Damage (25000-O00,Qty:1) (25000-OOO,Qty:l)
(25000-000,Qty:4) (25000-000,Otyt5) (25000-000,Qty:21),
Mechanical (25000-000,Qty:l) (25000-000,Qty.1)
(25000-000, Qty: 1) (25000-000, oty: 3) (25000-000, Qty: 4)
(25000-000,Qty:7), Degraded (25014-000,Qty:14), Broken Lead
(250271-000, Oty: 3)

Bond/Beam Failure 1.9% Internal Bonds (24417-002,23.0%)

Emitter Opened 1.9% Open Emitter-Bond Wires Open Due To Ext. Overstres
(10722-000, Oty: 2)

Die/Attachment Failure 1.8% Die (25014-000,Qty:7), Lifted Die (25014-000,Qty:l), Die
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FMD-91 Failure Disbrbution Summaries 3-247
Part Failure Norm Fail Data
Deac. Mode/Mbch Dist. Dist. Source(s)/Details

Transistor (continued)
Other (contitnued)

Attachment (24417-002,NR), Die to Header Bond Defects
(24417-002, 17.0%)

Collector-Base Opened 1.3% Open - Collector to Emitter-Overscress-Hiqh Curren
(2502 7-000,Q'cy:l), Emitter Leadwire Was Fused Open
(10722-000, Qty: 1)

Wire Bond Failure 1.2% Wire Bond (25014-000,Qtys26)

Collector-Emitter Shorted 0.9% Verified C-E Short-External Overstress (10722-000,Oty:i)

Collector-Base rhorted 0.9% Emitter Was Open And Collector To Base Was Shorted
(10722-000, Qty: 1)

Leaking 0.9% B-C Leakage Confirmed (10722-000,gty:l)

Contaminated 0.6% Contamination (25014-000,0ty:i), Surface Contamination
(24417-002,NR) (24417-002,7.01), Contaminated Gas Ambient
(24417-002, NR)

Degraded Operation 0.4% Bad OuLput (25027-000,Qty:l)

Base-Emitter Opened 0.4% Open B-E (25027-000,Qty:l)

Intermittent Operation 0.4% Intermittent (25000-000,Qty:l) (25000-000,oty:l)
(25000-000,Qty:l) (25000-000,Qty:1) (25000-000,Qty:3)
(25000-000,Qty:4) (25014-000,Qty:7), Intermittent-Noise
(25000-000,Qty:2), Intermittent Operation-Foreign Particles
(25016-000,NR), Intermittent Operation-Loose Bonds
(25016-000,NR), Intermittent Operation (24417-002,NR)

Unstable Operation 0.3% Unstable (24992-000,8.3%)

Hermetic Leakage 0.3% HerimticIty (24417-002,4.0%)

Oxide Defects 0.1% Oxide Defect (25014-000,Qty:3), Oxide Defects
(24417-002,NR)

Noisy <0.1% Noisy (24992-000,2.3%)

Seal Failure 0.1% Seal Leakage (25000-000,Qty:2) (25000-000,Qty-2)
(25000-000, (Ity: 3)

Corroded <0.1% Corrosion (25000-000,oty:1)

Cracked/Fractured NR Cracks-Thermal Expansion Mismatch (25016-000,NR)

Electrical Overstress NR Electrical Stress (24417-002,NR)

Seal/Gasket Failure NR Degraded Seals (24417-002,NR)

Package/Related Failure NR Degraded Part Package (24417-002,NRI, Mismarked/Umarked
Package (24417-002,NR)

Failure to Turn On MR Failure to Turn On When Properly Triggered (24417-002,NR)

Transistor, Dipolar (Sumuary)
Shorted 53.7%
Base-Fmtter Shorted 15.5%
Emitter Opened 15.4%
Opened 11.5%
Collector-Emitter Shorted 3.8%

Reability Analysis Center (RAC) 9 201 M1ii St., Rome, NY 13440 * 315-337-000



3-248 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mach DI&L. Dist. Source(s)/Details

Tranni~stor, Bipolar Sourcesil
Collector-Emitter Shorted 100.0% 100.0% Collector To Emitter Short-Overvoltage EOS

(10722-000,Qty:l)

Transistor, Bipolar, NPN Sources:2
Shorted 46.2% 46.2% Short C-E-Electrical (thermal) Overstress

(25027-000,Qty:5), Short C-B-Electrical (thermal) Overstress
(25027-000,Qty:2), Short E-C-Electrical (thermal) Overstross
(25027-000,gty:2), Short E-B-Electrical (thermal) Overstress
(25027-000,Qty:12), Short B-C-Electrical (thermal)
Overstress (25027-000,Qty:2), Short B-E-Electrical
Overstress (25027-000,Qty:l)

Emitter Opened 33.3% 33.3% Open Emitter-Current Surge (10722-000,Qty:2), Open Emitter
(10722-000,Qty:2)

Base-gmtter Shorted 20.5% 20.5% Short B-E-Electrical (thermil) Overstress
(25027-000,Qty:2), Short B-E (10722-000,Qty:2)

Transistor, Bipolar, PNP Sources:2
Shorted 65.9% 56.5% Short C-E-Electrical Overstress (25027-000,oty:28), Short

C-B-Electrical Overstress (25027--000,Qty:29), Short
E-C-Electrical Overstress (25027-000,Oty:27), Short
E-B-Electrical Overstreas (25027-000,Qty:27), Short
B-C-Electrinal Overstress (25027-000,oty:30), Collector-Base
Short-High Volt,Low Energy Transien (10722-000,Qty:l), Short
C-E-B-Overstress (10722-000,Qty:l)

Opened 25.0% 21.4% Emitter To Base And To Collector Open (10722-000,Qty:l),
Open B-E and C-E, but Shorted B-C-Overcurrent
(10722-000,Qtyrl), Open B-C, B-E, and C-E-Overstress
(10722-000,Oty:1)

Base-Emtter Shorted 9.1% 7.8% Short B-E-Electrical Overstress (25027-000,Qty:26)

Induced 14.3% B-C Degraded-Conduct. Particle Under Base Leadwire
(10722-000,Qty:1), Degraded-Premature Breakdown In
Transistor (10722-000,Qty:l)

Transistor,Field Effect (Summary)
Gate-Source Shorted 27.4%
Shorted 23.4%
Output Stuck Low 21.9%
Drift 16.5%
Output Stuck High 5.5%
Opened 5.3%

Transistor,Field Effect Sources:5
Output Stuck Low 28.6% 26.7% Output Low (24991-000,80.0%)

Shorted 28.6% 26.7% Short (24994-000,20.0%) (24994-000,20.0%), Shorted
D-S-G-Overstress (10722-000,Qty:2), Short-High Voltage
Overstress (10722-000,Qty:l)

Drift 23.2% 21.7% Drift (24994-000,65.0%) (24994-000,65.0%), Instability or
Reversible Drift (24417-002,NR)

Opened 12.5% 11.7% Open (24994-000,15.0%) (24994-000,15.0%), Shorted Drain to
Gate, Open Source (10722-000,Qty:1)
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FMD-91 Failure Distribution Summaries 3-249
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Transistor, Field Effect (continued)
Output Stuck High 7.3% 6.7% Output High (24991-000,20.0%)

Unknown ------ 6.7% Unknown (10722-000,oty:l)

Induced------- <0.1% Instantaneous Burnout (25037-000,NR), Channel Degradation
(25037-000, NR)

Other ------- 0.0%
Degraded Operation NR Long-term Gradual Dergradation (24417-002,NR)

Electrical Overstress NR Electrical Overstress (24417-002,NR)

Gate Metal Sinking NR Gate Metal Sinking (25037-000,NR)

Surface Defects NR Surface Degradation (25037-000,NR)

Change in Resistance NR Ohmic Contact Degradation (25037-000,NR)

Long Term Burnout Nk Long Term Burnout (25037-000,NR)

Intermetallic Phase Formation NR Intermetallic Phase Formation (25037-000,NR)

Transistor, Field Effect,HEX, N-Channel Sources:1
Shorted 100.0% 100.0% Sharted G-S-D-Overstress (10722-000,Qty:l)

Transistor, Field Effect,Junction Sources:2
Gate-Source Shorted 50.0% 50.0% Short Source to Gate (25027-000,Qty:4)

Electrical Overstress 50.C% 50.0% Source 2 Metallization Was Fused Open-Overstress
(10722-000,Qty:l)

Transistor,Field Effect,Vower Sources:l
Shorted 85.7% 60.0% Shorted S-G-O-Die Cracked From Physical Stress

(10722-000,Oty:l), Short Between The Source And The
Gate-Overstress (10722-000,Qty:l) (10722-000,Qty:1), Shorted
D-G-S-Severe Overstress Damage (10722-000,Qty:1), short
Between The Source And The Drain-Overstress
(10722-000,Qty:l), Shorted Gate To Drain With An Open At The
Source (10722-000,Qty:l)

Contaminated 14.3% 10.0% PIND Failures-Sodium Particle Found (10722-000,Qty:l)

Induced 30.0% Degraded-Overstressed (10722-000,Qty:3)

Transistor, Field Effect,B.F. Sources:1

Drift 50.0% 50.0% Drift (24994-000,50.0%)

Shorted 40.0% 40.0% Short (24994-000,40.0%)

Opened 10.0% 10.0% Open (24994-000,10.0%)
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3-250 Failure Distribution Summaries FMD-91
Part Failure Worm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Transistor, GaAs FET Sources:1
Opened 56.0% 56.0% Open (25028-000,Qty:l) (25028-.000,Qty:l) (25028-000,Qty:l)

(25028-000,Qty:3) (25028-000,Qty:4) (25028-000,Qty:4)

Shorted 24.0% 24.0% Short (25028-000,oty:l) (25028-000,Oty:3) (25028-000,Qty:1)
(25028-000,Qty:1) (25028-O00,Qty:2)

Drift 12.0% 12.0% Vt Drift (25028-000,Qty:l) (25028-000,oty:2)

VT Extraction 8.0% 8.0% Vt Extraction (25028-000,Qty:l) (25028-000,Qty:l)

Transistor, High Power Sources:4
Shorted 44.0% 40.5% Short-Electrical Overstress (25027-000,Qty:4)

(25027-000,Qty:26), Short-External Electrical Cverstress
(10722-000,Qty:2), Transistor Shorted C-B-E-Overstress From
VCE/ICE (i0722-000,Qty:l), Short Case To Bracket-External
Particle Indicated (10722-000,Qty:l), Shoat C-E-Secondary
Breakdown (24417-002,NR)

Degraded Operation 36.2% 33.3% Output Low (24991-000,43.0%), Output High (24991-000,57.0%)

Bond/Beam Failure 9.1% 8.3% Lifted Emitter Die Bond (10722-000,Qty:l) (10722-000,Qty:l)

Electrical Overstress 4.5% 4.2% Forward Bias Overstress Shorted (10722-000,Qty:l)

Mechanical Overstre'ss 4.5% 4.2% 02 Die Cracked; Mechanical Stress (10722-000,Qty:l)

Opened 1.7% 1.6% Open-Electrical Overstress (25027-000,Qty:2)

Induced 7.9% Degradation-Electrical Overstress (25027-000,Qty:10)

Other 0.0%
Wire Bond Failure NR Wire Bond Failure (24417-002,NR)

Transistor, Lead Sources:l
Cracked/Fractured 100.0% 100.0% Fracture-Lack Of Solder Wetting (10722-000,Qty:2)

Transistor, Linear Sources:l
Drift 65.0% 65.0% Drift (24994-000,65.0%)

Shorted 20.0% 20.0% Short (24994-000,20.0%)

Opened 15.0% 15.0% Open (24994-000,15.0%)

Transistor, Microwave Sources:2
High Return Loss 100.0% 100.0% High Roturn Loss (25027-000,Qty:6)

Other 0.0%
Aluminum Migration NR Aluminum Migration (24417-002,NR)

Die/Attachment Failure NR Die Attach Failure (24417-002,NR)

Oxide Defi.ýI NR Metal-Over-Oxide-Step Coverage (24417-002,NR)

Wire Bond Failure NR Lead Bond Failures (24417-002,NR)

No Operation NR Device Inability to Operate into a Mismatched Load
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FMD-91 Failure Distribution Summaries 3-251
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Transistor. Microwave (continued)
Other (continued)

(24417-002,NR)

TransistorMultiple Sources:l
shorted 100.0% 100.0% Shorted Off Base Emitter And Degraded Collector

(10722-000, Qty.-l)

Transistor,Multiple,Darlington Sources:l
Shorted 100.0% 100.0% Shott C-E-Cracked Die (23027-000,Qty:l), Short C-B-Cracked

Die (25027-000,Qty:l)

Transistor, Multiple,Darlington, Power Sources:1
Shorted 100.0% 100.0% Shott-Cracked Die (25027-000,Qty:2), Short-Electrical

Overstress (25027-000,Qty:1)

Transistor, Multiple, Dual,PNP Sources:1
Shorted 100.0% 100.0% Collector Base Short-Overstress (10722-000,Qty:l)

7ransistor, Multiple,Quad Sources:1
Base Opened 50.0% 50.0% Open Base Pin 6-Excessive Intermetallic (10722-000,Qty:l)

Emitter Openea 50.0% 50.0% Emitter Open-Lifted Chip Bond (10722-000,Qty:l)

Transistor, R.F. Sources:l
Drift 50.0% 50.0% Dirft (24994-000,50.0%), Drift (24994-000,50.0%)

(24994-000,50.0%)

Shorted 40.0% 40.0% Short (24994-000,40.0%) (24994-000,40.0%) (24994-000,40.0%)

Opened 10.0% 10.0% Open (24994-000,10.0%) (24994-000,10.0%) (24994-000,10.0%)

Transistor,Small Signal Sources:1
Low Output 80.0% 80.0% Output Low (24991-000,80.0%)

High Output 20.0% 20.0% Output High (24991-000,20.0%)

Transistor, Switching, High Speed, NPN Sources:1
High Leakage Current 100.0% 100.0% Excessive current draw-NPN junction degradation

(25001-000,Qty:l)
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3-252 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Transistor, Switchinq, Logqc Sources:1
Shorted 60.0% 60.0% Short (24994-000,60.0%)

Opened 40.0% 40.0% Open (24994-000,40.0%)

Other ------ 0.0%
Drift NR Drift (24994-000,NR)

Transistor, Unijunction Sources:l
Drift 65.0% 65.0% Drift (24994-000,65.0%)

Shorted 20.0% 20.0% Short (24994-000,20.0%)

Opened 15.0% 15.0% Open (24994-000,15.0%)

Traveling Handwneel.Assembly Sources:l
Corroded 50.0% 50.0% Corroded-Broken/Damaged (25101-000,oty:l)

Binding/Sticking 50.0% 50.0% Worn - Binding/Sticking (25101-000,Qty:l)

Traveling Lock Assy Sources:l
Bushing Failure 42.9% 42.9% Worn Bushing - Excessive Play (25101-000,Qty:3)

Excessive Play 14.3% 14.3% Excessive Play (25101-000,Qty:l)

Binding/Sticking 14.3% 14.3% Gears Binding - Inop/Unserviceable (25101-000,Qty:l)

Broken 14.3% 14.3% Part Struck/Damaged - Broken/Damaged (25101-000,Qty:l)

Seal/Gasket Failure 14.3% 14.3% Seals Worn - Worn Out (25101-000,Qty:l)

Tube Sources:2
Broken 40.6% 27.9% Broken (20609-000,Oty:53)

Excessive Play 36.4% 25.0% Worn - Excessive Play (25101-000,Qty:l)

Opened 10.0% 6.8% Opened (20609-000,Qty:13)

Cracked/Fractured 8.4% 5.8% Cracked/Fractured (20609-000,Qty:ll)

Shorted 3.1% 2.1% Short (20609-000,Qty:4)

Out of Spec. 1.5% 1.1% Out of Tolerance (20609-000,Qty:2)

Unknown 31.3% Unknown (20609-000,Qty:12) (25101-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-2M3
Part Failure Norm Fail Data
Deoc. Mode/Mach Dist. Dist. Source(s)/Details

Tube Metal Assembly Sources:1
Broken 100.0% 33.3% Part Struck/Damiged - Broken/Damaged (25101-000,Qty:l)

Induced ------- 33.3% Item Abuse/Neglect - Broken/Damaged (25101-00U,Qty:l)

Unknown 33.3% Unknown (25101-000,Oty:l)

Tube, Cannon Sourcesa:l

Worn 40.0% 33.3% Worn Out (25101-000,Qty:l) (25101-000,Oty:])

Excessive Play 20.0% 16.71 Worn - Excessive Play (25101-000,Qty:l)

Cracked/Fractured 20.0% 16.7% Cracked (25101-000,Qty:l)

Broken 20.0% 16.7% Broken/Damagod (25101-C00,Qty:l)

Induced ------ 16.7% Caused By Other Failure-Broken/Damaged (25101-000,oty:l)

Tube, Electron Sources:3
Drift 46.6% 45.3% Drift (20609-000,Qty:2.036) (24992-000,30.0%), Change or

loss of parameters (24997-000,NR)

Opened 21.9% 21.3% Open (24992-000,35.0%), Opened (20609-000,Qty:257)

Unstable Operation 12.8% 12.5% Unstable (24992-000,25.0%)

Noisy 9.6% 9.3% Noisy (20609-000,Qty:292) (24992-000,10.0%)

Shorted 6.5% 6.3% Short ( 2 060 9 -000,Qvy: 4 2 6 )

Contaminated 2.1% 2.1% Contaminated (20609-000,Qty:140)

Leaking 0.4% 0.4% Leaking (20609-000,Qty:26)

Unknown 2.7% Unknown (20609-000,Qty:180)

Other 0.0%
Open Cathode NR Open cathode (24997-000,NR)

Tube, Electron,Microwave,TWT Sources:6
Decreased Output Power 60.7% 50.3% Low Output Power (25015-000,21.0%), Low Power & High Helix

Current (25015-000,45.0%), Cathode-Decreasing Emission
(23185-037,35.0%), Output Power Decrease-Cathode Activity

Degradation (17950-030,21.0%) (18800-001,50.8%), Output
Power Decrease & Helix Current Increase (17950-030,45.3%)
(18800-001,28.2%), Low Power Output (23546-000,Qty:6)
(23546-001,22.0%4 (23546-001,39.0%), Low RF Power
(23546-000,Qty:120), Gain Variations (23546-001,6.0%)
(23546-001,11.0%)

High Helix Current 9.5% 7.9% High Helix Current (25015-000,18.0%), Helix Current
Increase (17950-030,17.5%) (18800-001,10.0%), Excessive
Helix Current (23546-000,Qty:ll), Increased Helix Current
(23546-000,Qty:2)

Mechanical Failure 8.5% 7.0% Windows - Leakage (23185-037,2.0%), Pressure Leak at
Waveguide Transistion (23546-000,Qty:19), Output Window
Cracked (23546-000,Qty:2), Mechanical Damage
(23546-000,Qty:2), Potting Failure (23546-000,Qty:140),
Cracked Window ý23546-001,1.0%) (23546-001,4.0%), Oil Leak
(23546-001,4.0%) (23546-001,8.0%), Physical Damage
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3-254 Failure Distribution Summaries FMD..91
Part Failure Norm Fail DatA
Desc. Mode/Mech Dist. Dist. Suurce(s)/Detpils

Tube,Electron,Microwav%, TWT (continued)
Mechanical Failure (continued)

(23546-001,2.0%) (23546-001,11.0%), Virtual Leak
(23546-001,1.0%) (23546-001,4.0%), Vacuum Leak
(23546-001,3.0%)

Open Helix 8.4% 7.0% Filament Open/Short (23185-037,14.0%), Helix - Open
(23185-037,8.0%), Open Helix (23546-000,Qty:l), Open Helix
Output (23546-000,Oty:150), Open Input Helix (23546-000,NR)

Gun Failure 6.3% 5.2% Open Heater (23546-000,Qty:4) (23546-000,Qty.15), Low
Cathode Activity (23546-000,Qty:140), Ion Pump Failure
(23546-001,1.0%) (23546-001,2.0%), Gun Failure
(23546-001,4.0%) (23546-001,5.0%), Gun Change
(23546-001,4.0%) (23546-001,5.0%)

Noise/Oscillations 3.4% 2.8% Noise/Oscillators (25015-000,16.0%), Oscillations
(23546-001,2.0%)

Poor Focus 3.2% 2.6% Poor Focus (23546-000,Qty:120)

Unknown 7.8% Unknown (17950-030,16.2%) (18800-001,l1.0%)
(23546-000,Qty:10) (23546-001,1.0%) (23546-001,1.0%)
(23546-001,4.0%) (23546-001,5.0%) (23546-001,6.0%)
(23546-001,20.0%)

Induced 0.4% Workmanship (23546-001,2.0%) (23546-001,3.0%)

Other (<%3) 9.0%
Magnetic Strength Change 1.8% Magnets - Change strength (23185-037,11.0%)

Attenuation Change 1.7% Attenuator-Change Attenuation (23185-037,10.0%)

ArcingiSparking 1.5% Focus Electronics - Arcing (Anode - Case) (23185-037,9.0%),
Tube ircing (23546-000,Oty:2)

Abnormal Saturetion 1.2% Saturation Nut Nominal (23546-001,2.0%) (23546-001,12.0%)

Collector Failure 1.1% Collectors-Open/Short (23185-037,5.0%), Collector Shorted
(23646-000,Qty:2), TWT Collector Potting (23546-000,Qty:4),
Collector Fault (23546-001,1.0%) (23546-001,1.0%)

Anode Openned 0.7% Anode Open (23185-037,4.0%)

Connector Failure 0.3% Connectors-Wear (23185-037,2.0%)

Body Current 0.2% Body Current (23546-001,1.0%) (23546-001,2.0%)

Power Conditioner Failure 0.1% Electronic Power Conaitioner Failure (23546-000,Qty:6)

Electrode Leakage 0.1% Interelectrode Leakage (23646-000,Qty:5)

RF Leakage <0.1% RF Leakage (23546-301,1.0%)

Inoperative Phaser <0.1% Inoperative Phaser (23546-000,Qty:l)

Degaused Magnet Failure <0.1% Degaused Magnet (23546-000,Qty:l)

Grid-Cathode Short <0.1% Grid-Cathode Short (23546-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-255
Part Failure Norm Fail Data
Z146 u:. Mode/Mech Dist. Dist. Source(s)/Details

Elect ronT, Modulator Sources : 1
.-miconductor Failure 50.9% 44.2% Diodes, Rectifiess, and Transistors (23546-001,44.2t)

IC Failure 19.0% 16.59 Hybrids and I.C.'s (23546-001,16.5%)

Capacitor Failure 16.6% 14.5% Capacitors (23546-001,14.5%)

Resistor Failure 10.8% 9.4% Resistors (23546-001,9.41)

Connector Failure 2.1% 1.9% Zonnectors-Electrical- (23546-001,1.9%)

Relay Failure 0.60 0.5% Relays, Magnets, Solenoids (23546-001,0.5%)

Unknown ------ 12.0% Unknown (23546-001,1.9%) (23546-001,2.7%, (23546-001,7.4%)

Induced ...... 1.1% Templates, Printed Wiring Boards (23546-001,1.1%)

Tube, Electron, Receiving Sources :1
Induced <0.1% Envelope degradation-Excess Heat (24417-000,NR)

Other ------ 100.0%

Excessive Heat NR Filament / Heater Degradation-Excess Heat (24417-000,NR)

Gas Evolvement NR Gas Evolvement-Excess Heat (24417-000,NR)

Gas Cleanup NR Gas Cleanup (24417-000,NR)

Tube, Electron, Subminiature Sources :1
Induced 90.0% Degradation (gin, lhk, lp, etc.) (24993-000,90.0t)

Unknown 10.0% Unknown (24993-000,10.0k)

Tube, Gimbal Sources :1
Loose 100.0% 71.4% Loose (25101-000,Qty:2), Internal Failure - Loose

(25101-000, Oty: 3)

Induced ------- 14.3% Improper Maintenance - Out Of Adjustment (25101-000,Qty:l)

Unknown 14.3% Unknown (25101-000,Qty:1)

Tubing,End Sources :1
Out of Adjustment 63.6% 63.6% Out Of Adjustment - Found In TI/PMCS/Insp

(25101-000,Qty:l), Out Of Adjustment - Out Of Synch
(25101-000, Qty: 13)

Broken 27.3% 27.39 Broken/Damaged (25101-000,Oty:6)

Bent/Dented/Warped 9.1% 9.19 Warped/Bent - Broken/Damiaged (25101-000,Qty:1),
Collapsed/Bent (25101-000,Qty:1)
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3-256 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Valve (Surmmary)

Leaking 50.0%
Seal/Gasket Failure 12.7%
Ainding/Sticking 10.3%
Aged/Deteriorated 10.0%
Spurious/False Operation 9.0%
Valve Actuator Failure 8.1%

Valve Sources:6
Leaking 44.0% 24.6% External Leak (24990-000,15.0%) (24992-000,31.6%), Passing

(Internal) (24990-000,60.0%), Internal Loak
(24992-000,4.2%), Leaking (20609-000,Qty:2,193)
(20609-000, Qty:38)

Seal/Gasket Failure 14.9% 0.3% Improper Sealing (19542-000,12.5%), Seal Worn Out
(19542- 000, 37.5%)

Valve Actuator Failure 12.1% 6.8% Valve Actuators (24996-000,81.2%)

Opened 8.8% 4.9% Open (24992-000,29.5%), Opened (20609-000,Qty:l)

Closed 7.8% 4.4% Close (24992-000,26.2%), Stuck Closed ('.0609-000,Qty:l)

Binding/Sticking 6.3% 3.5% Sticking (24990-000,20.0%), Bind (24992-000,0.1%), Binding
(20609-000, Qty:65)

Degraded Operation 6.0% 3.3% Degraded (24996-000,40.0%)

Unknown 35.4% Unknown (19542-000,12.5%) (19542-000,25.0%)
(20609-000,Qty- 70) (20609-000, Qty:2,660) (23038-001,Qty:,,)
(24996-000,60.0%)

Other (<%5) 8.8%
Cracked/Fractured 2.1% Cracks Or. Body (19542-000,12.5%), Cracked/Fractured

(20609.-000,Qty:2)

Valve Mechanism Failure 1.6% Valve Mechanism (24996-000,18.7%)

Improper Flow 1.4% Blockinq (24990-000,5.0%), Improper Flow
(20609-000,Qty:201)

Premature Open 1.4% Premature (24992-000,8.2%)

Out of Adjustment 1.0% Out of Adjustment (20609-000,Qty:333) (20609-000,Qty:21)

Worn 0.9% Worn Out (20609-000,oty:328), Fatigue (20609-000,Oty:1)

Intermittent Operation 0.2% Intermittent (20609-000,Qty:58) (20609-000,Qty:2)

No Operation 0.1% No Operation (20609-000,Qty:50)

Contaminated <0.1% Contaminated (20609-000,Qty:33)

Out of Spec. <0.1% Out of Specification (20609-000,Qty:19)

Noisy <0.1% Noisy (20609-000,Qty:8)

Stuck Open <0.1% Stuck Open (20609-000,Qty:6)

Unstable Operation <0.1% Unstable (20609-000,Qty:31

Shorted <0.1% Short (20609-000,Qty:2)
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FMD-91 Failure Distribution Summaries 3-257
Part Failure Norm Fail Data
Deac. Mode/Mech Dist. Diet. Souroe(s)/Details

Valve,Actuator Sources:l
Spurious/False OperAtton 100.0% 90.0% Spurious (24990-000,90.0%)

Unknown ....... 10.0% Unknown (24q90-000,10.0%)

Valve,Air Control Sources:l
Leaking 10C.0% 100.0% Catastrophic-External Leakage (10175-000,100.0%)

(18175-000,100.0%) (18175-000, 100.0%)

Valve,By-Pass Sources:l
Premature Operation 70.0% 70.0% Premature Operation (24992-000,70.0%)

Leaking 30.0% 30.0% External Leak (24992-000,30.0%)

Valve,Check Sources:1
Closed 50.0% 50.G% Close (24992-000,50.0%)

Opened 50.0% 50.0% Open (24992-000,50.0%)

Valve,Check & Rclief Sources:1
Aged/Deteriorated 55.6% 50.0% Valve Seat Deterioration (24993-000,50.0%)

Binding/Sticking 44.4% 40.0% Poppets Sticking (Open Or Closed) (24993-000,40.0%)

Unknown 10.0% Unknown (24993-000,10.0%)

Valve,Check,PWR Sources:1
Leaking 100.0% 100.0% Catastrophic-Internal Leakage (18175-000,91.0%)

(18175-000,91.0%) (18175-000,92.0%), Catastrophic-External
Leakage (18175-000,8.0%) (18175-000,9.0%) (18175-000,9.0%)

Valve,Control Sources:1
Closed 50.0% 50.0% Close (24992-000,50.0%)

Opened 50.0% 50.0% Open (24992-000,50.0%)

Valve,Core Sources:l
Seal/Gasket Failure 100.0% 33.3% Seals Worn - Internal Moisture (25101-000,Qty:1)

Induced 66.7% Improper Installation - Broken/Damaged (25101-000,Qty:l),
Item Abuse/Neglect - Broken/Damaged (25101-000,Qty:l)
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3-258 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. ýist. Source(s)/Details

Valve,Fill & Check Sources:l
Opened 50.0% 50.0% Opin (24992-000,5C.0%)

Closed 50.0% 50.0% Close (24992-000,50.0%)

Valve,Filling Sources :2

Leaking 50.0% 50.0% External Leak (24992-000,100.0%)

Cracked/Fractured 25.0% 25.0% Cracked/Split-Leaking Hydraulic Oil (25101-000,Qty:l)

Bent/Dented/Warped 25.0% 25.0% Warped/Bent - Leaking Hydratlic Oil (25101-000,Qty:l)

Valve,Fuel Sources:1
Leaking 60.9% 60.9% Internal Leak (24992-000,31.5%), External Leak

(24992-000, 30.0%)

Opened 15.8% 15.8% Open (24992-000,16.0%)

Closed 15.8% 15.8% Close (24992-000,16.0%)

Binding/Sticking 7.4% 7.4% Bind ý24992-000,7.5%)

Valve,Fuel,Main Assembly Sources:l
Opened 50.0% 50.0% Open (24992-000,50.0%)

Closed 50.0% 50.0% Close (24992-000,50.0%)

Valve, Hydraulic (Summary)
Leaking 77.2%
Stuck Closed 5.9%
Closed 5.8%
Opened 5.8%
Stuck Open 5.4%

Valve, Hydraulic Sources :1
Unstable Operation 45.0% 45.0% Unstable (20609-000,Qty:9)

Leaking 20.0% 20.0% Leaking (20609-000,Qty:4)

Stuck Closed 15.0% 15.0% Stuck Closed (20609-000,Qty:3)

Stuck Open 5.0% 5.0% Stuck Open (20609-O00,Qty:l)

Out of Spec. 5.0% 5.0% Out of Specification (20609-000,Qty:i)

Intermittent Operation 5.0% 5.0% Intermittent (20609-000,Qty:1)

Improper Flow 5.0% 5.0% Improper Flow (20609-000,0ty:1)
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FMD-91 Failure Distribution Summaries 3-259
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Valve,Hydraulic, Actuator Sources:1
Leaking 75.0% 75.0% External Leak (24992-000,75.0%)

Opened 10.0% 10.0% Open (24992-000,10.0%)

Closed 10.0% 10.0% Close (24992-000,10.0%)

Corroded 5.0% 5.0% Corroded (24992-000,5.0%)

Valve,HydraulicBall Sources:1
Leaking 54.2% 54.2% Leaking (20609-000,Qty:13)

Stuck Open 29.2% 29.2% Stuck Open (20609-000,Qty:7)

No Operation 8.3% 8.3% No Operation (20609-000,Qty:2)

Out of Spec. 4.2% 4.2% Out of Specification (20609-000,Qty:l)

Noisy 4.2% 4.2% Noisy (20609-000,Qty:l)

Valve, Hydraulic, Bellows Diaphragm Sources:l
Leaking 58.1% 53.2% Leaking (20609-000,Qty:25)

Cracked/Fractured 14.0% 12.8% Cracked/Fractured (20609-000,Qty:6)

Intermittent OperAtion 11.6% 10.6% Intermittent (20609-000,Qty:5)

Out of Spec. 7.0% 6.4% Out of Specification (20609-000,Qty:3)

No Operation 4.7% 4.3% No Operation (20609-000,Qty:2)

Stuck Open 4.7% 4.3% Stuck Open (20609-000,Qty:2)

Other (<%4) 8.5%

Displaced 2.1% Displaced (20609-000,Qty:1)

Noisy 2.1% Noisy (20609-000,Qty:l)

Stuck Closed 2.1% Stuck Closed (20609-000,Qty:l)

Unstable Operation 2.1% Unstable (20609-000,Qty:l)

Valve,Hydraulic, check Sources:1

Leaking 85.2% 80.9% Leaking (20609-000,Qty:144)

Stuck Open 5.9% 5.6% Stuck Open (20609-000,Qty:10)

Cracked/Fractured 3.6% 3.4% Cracked/Fractured (20609-000,Qty:6)

Improper Flow 3.0% 2.8% Improper Flow (20609-000,Qty:5)

Intermittent Operation 2.4% 2.2% Intermittent (20609-000,Qty:4)

Other (<%3) 5.1%

Stuck Closed 1.7% Stuck Closed (20609-000,Qty:3)

Out of Spec. 1.7% Out of Specification (20609-000,Qty:3)

Unstable Operation 1.1% Unstable (20609-000,Qty:2)
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3-260 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Valve,Hydraulic,Check (continued)
Other (continued)

Collapsed 0.6% Collapsed (20609-000,Qty:l)

Valve,Hydraulic, Gate Shear Sources:1

Leaking 63.0% 61.5% Leaking (20609-000,Qty:216)

Stuck Closed 16.3% 16.0% Stuck Closed (20609-000,Qty:56)

Stuck Open 9.3% 9.1% Stuck Open (20609-000,Qty:32)

Cracked/Fractured 4.1% 4.0% Cracked/Fractured (20609-000,Qty:14)

Out of Spec. 3.8% 3.7% Out of Specification (20609-000,Qty:13)

Out of Adjustment 3.5% 3.4% Out of Adjustment (20609-000,Qty:12)

Other (<%2) 2.3%
Intermittent Operation 0.9% Intermittent (20609-COO,Qty:3)

Improper Flow 0.6% Improper Flow (20609-000,Qty:2)

Breach 0.6% Breach (20609-000,Qty:2)

Seized 0.3% Seized (20609-000,Qty:l)

Valve,Hydraulic,Globe Rotary Sources:1
Leaking 56.60 48.0% Leaking (20609-000,Qty:98)

Stuck Open 17.3% 14.7% Stuck Open (20609-000,Qty:30)

Stuck Closed 12.7% 10.8% Stuck Closed (20609-000,Qty:22)

No Operation 7.5% 6.4% No Operation (20609-000,Qty:13)

Intermittent Operation 5.8% 4.9% Intermittent (20609-000,Qty:10)

Unknown 0.5% Unknown (20639-000,Qty:l)

Other (<%5) 14.7%

Cracked/Fractured 3.9% Cracked/Fractured (20609-000,Qty:8)

Out of Spec. 3.4% Out of Specification (20609-000,Qty:7)

Unstable Operation 3.4% Unstable (20609-000,Qty:7)

Out of Adjustment 2.5% Out of Adjustment (20609-000,Qty:5)

Improper Flow 1.5% Improper Flow (20609-000,Qty:3)

Valve, Hydraulic,Manual Sources:l

Leaking 50.0% 47.1% Leaking (20609-000,Oty:8)

Cracked/Fractured 18.8% 17.6% Cracked/Frautured (20609-000,Qty:3)

Unstable Opera~ion 6.3% 5.9% Unstable (20609-000,Qty:i)

Out of Spec. 6.3% 5.9% Out of Specification (20609-000,Qty:l)

Out of Adjustment 6.3% 5.9% Out of Adjustment (20609-000,Qty:l)
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FMD-91 Failure Distribution Summaries 3-261
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Sourca(s)/Detaiis

Valve,Hydraulic,Manual (continued)
Noisy 6.3% 5.9% Noisy (20609-000,Oty:l)

No Operation 6.3% 5.9% No Operation (20609-000,Qty'1)

Unknouni 5.9% Unknown (20609-000,oty:l)

Valve,Hydraulic,Need]e Sources:1

Out of Spec. 66.7% 66.7% Out of Specification (20609-000,Qty:8)

Stuck Open 16.7% 16.7% Stuck Open (20609-000,Qty:2)

Leaking 16.7% 16.7% Leaking C20609-000,Qty:2)

Valve,Hydraulic,Plug Sources:l

Leaking 30.4% 28.0% Leaking (20609-000,Qty:7)

Stuck Closed 21.7% 20.0% Stuck Clos-ad (20609-000,Qty:5)

Out of Adjustment 17.4% 16,0% Out of Adjustment (20609-000,Qty:4)

No Operation 13.0% 12.0% No Operation (20609-000,Qty:3)

Out of Spec. 8.7% 8.0% Out of Specification (20609-000,Qty:2)

Improper Flow 8.7% 8.0% Improper Flow (20609-000,Qty:2)

Other (<%5) 8.0%
Stuck Open 4.0% Stuck Open (20609-000,Qty:l)

Intermittent Operation 4.0% Intermittent (20609-000,Qty:l)

Valve,Hydraulic, Relief Sources :1
Leaking 100.0% 72.7% Leaking (20609-000,Qty:8)

Unknown 27.3% Unknown (20609-000,Qty:3)

Valve, fydraulic, Servo Sources :1
Leaking 60.0% 60.0% Leaking (20609-000,Qty:12)

No Operation 20.0% 20.0% No Operation (20609-000,oty:4)

Unstable Operation 10.0% 10.0% Unstable (20609-00,Qty:2)

Stuck Closed 10.0% 10.0% Stuck Closed (20609-000,Qty:2)
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3-262 Failure Distribution Summaries FMD-91
Parc Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist. Source(s)/Details

Valve,Hydraulic,Solenoid Sources31
Stuck Closed 100.0% 100.0% Stuck Closed (20609-000,Qty:2)

Valve, Ignition Sources:l

Closed 50.0% 50.0% Close (24992.000,72.5%)

Leaking 34.5% 34.3% Extarnal Leak (24992-000,50.0%)

Opened 15.5% 15.5% Open (24992-000,22.5%)

Valve,Interconnect Sources:1
Leaking 53.0% 53.0% External Leak (24992--000,53.0%)

Opened 23.5% 23.5% Open (24992-000,23.5%)

Closed 23.5% 23.5% Close (24992-000,23.5%)

Valve,Manual Control Sources:2
Leaking 91.7% 91.7% Leak (24992-000,83.3%), External Leakage (18175 000,100.0%)

(18175-000,100.0%) (18175-000,100.0%)

Mechanical Failure 8.4% 8.4% Mechanical Failure (24992-000,16.7%)

Valve,Motor Control Sources:1
Leaking 65.3% 65.3% Catastrophic-External Leakage (18175-000,57.0%)

(18175-000,62.0%) (18175-000,77.0%)

Plugged 34.7% 34.7% Catastrophic-Plugged (18175-000,23.0%) (18175-000,38.0%)
(18175-000,43.0%)

Valve, Oil Sources:1
Leaking 66.7% 28.6% Leaking Hydraulic Oil (25101-000,Qty:2)

Seal/Gasket Failure 33.3% 14.3% Seals Worn - Leaking Hydraulic Oil (25101-000,Qty:l)

Induced ------- 42.9% Abnormal Operation (25101-000,Qty:1), Improper Installation
- Leaking Hydraulic Oil (25101-000,Qty:l), Improper
Maintenance - Leaking Hydraulic Oil (25101-000,Qty:l)

Unknown 14.3% Unknown (25101-000,Qty:1)

Valve,Operator, Electric Motor Sources:1
Degraded Operation 30.0% 30.0% Degraded (18175-000,60.0%)

Premature/Delayed Actuation 30.0% 30.0% Degraded - Premature Or Delayed Actuation (18175-000,60.0%)

Spurious Opening 21.0% 21.0% Catastrophic-Spurious Opening (18175-000,21.0%)
(18175-000,21.0%)

Spurious Closing 19.0% 19.0% Catastrophic-Spurious Closing (18175-000,19.0%)
(18175-000, 19.0%)
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FMD-91 Failure Distribution Summaries 3-263
Part Failure Norm Fail Data
Desc. Mode/Mach Dist. Dist Source(s)/Details

Valve,Operator,Electric Motor, CoMoosite Sources:l
Premature/Delayed hctuation 60.0% 60.0% Degraded - Premature Or Delayed Actuation (18175-000,60.0%)

Spurious Opening 20.0% 20.0% Catastrophic-Spuirious Opening (18175-000,20.0%)

Spurious Closing 20.0% 20.0% Catastrophic-Spurious Closing (18175-000,20.0%)

Valve,Operator, Electric Solenoid Sources:l
Spurious Closing 65.0% 57.2% Catastrophic-Spurious Closing (18175-000,20.0%)

(18175-000,65.0%) (18175-000,65.0%) (18175-000,68.0%)
(18175-000,68.0%)

Spurious Opening 20.0% 17.6% Catastrophic-Spurious Opening (18175-000,4.0%)
(18175-000,4.0%) (18175-000,20.0%) (1.8175-000,30.0%)
(18175-000,30.0%)

Premature/Delayed Actuation 15.0% 13.2% Degraded - Premature Or Delayed Actuation (18175-000,5.0%)
(18175-000,5.0%) (18175-000,28.0%) (18175-000,28.0%)

Induced ------- 12.0% Degraded - Premature Or Delayed Acutation (18175-000,60.0%)

Valve,POW Sources:l
Leaking 96.7% 96.7% Leaking Internal or External (25464-000,Qty:l)

(25464-000,Oty:28)

Drift 3.3% 3.3% Fluctuates, Unstable or Errati (25464-000,Qty:l)

ValvePilot Sources:l
Closed 50.0% 50.0% Close (24992-000,50.0%)

Opened 50.0% 50.0% Open (24992-000,50.0%)

Valve, Pnetunatic (Summary)
Broken 22.1%
Leaking 20.0%
Opened 16.6%
Closed 16.6%
Spurious Opening 12.4%
Spurious Closing 12.4%

Valve,Pneumatic Sources;1
Spurious Opening 46.4% 42.5% Catastrophic-Spurious Opening (18175-000,42.0%)

(18175-000,43.0%)

Spurious Closing 44.8% 41.0% Catastrophic-Spurious Closing (18175-000,40.0%)
(18175-000,42.0%)

Premature/Delayed Actuation 8.7% 9.0% Degraded - Premature Or Delayed Actuation (18175-000,16.0%)

Irduced 8.5% Degraded - Premature Or Delayed Actuation (18175-000,17.0%)
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3-264 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Deoc. Mode/Mech Dist. Dist. Source(s)/Details

Valve,Pneumatic, Actuator Sources:1
Spurious Closing 35.3% 33.5% Catastrophic-Spurious Cdosing (18175-000,20.0%)

(18175-000,47.0%)

Spurious Opening 33.2% 31.5% Catastrophic-Spurious Opening (18175-000,20.0%)
(18175-000,43.0%)

Premature/Delayed Actuation 31.6% 30.0% Degraded - Premature Or Delayed Actuation (18175-000,60.0%)

Induced 5.0% Degraded - Premature Or Delayed Actuation (18175-000,10.0%)

Valve,PneumaticActuator, Diaphragm Sources:l

Spurious Opening 50.0% 50.0% Catastrophic-Spurious Opening (18175-000,43.0%)

Spurious Closing 50.0% 50.0% Catastrophic-Spurious Closing (18175-000,43.0%)

Induced <0.1% Degraded - Premature Or Delayed Actuation (18175-000,NR)

Valve,Pneumatic,Actuator, Diaphragm Spring Opp Sources:1
Spurious Opening 50.2% 41.2% Catastrophic-Spurious Opening (18175-COO,40.0%)

(18175-000,40.0%) (13175-000,40.0%) (18175-000,40.0%)
(18175-000,40.0%) (18175-000,47.0%)

Spurious Closing 49.8% 40.8% Catastrcphic-Spurious Closing (18175-000,40.0%)
(18175-000,40.0%) (18175-000,40.0%) (18175-000,40.0%)
(18175-000,40.0%) (18175-000,45.0%)

Induced " 18.0% Degraded - Premature Or Delayed Actuation (18175-000,8.0%)
(18175-000,20.0%) (18175-000,20.0%) (18175-000,20.0%)
(18175-000,20.0%), Degraded - Premature Or Delayed Acuation
(18175-000,20.0%)

Valve,Pneumatic,Actuator, Double Action Piston Sources:1
Spurious Opening 50.0% 42.0% Catastrophic-Spurious Opening (18175-000,42.0%)

Spurious closing 50.0% 42.0% Catastrophic-Spurious Closing (18175-000,42.0%)

Induced 16.0% Degraded - Premature Or Delayed Actuation (18175-000,16.0%)

Valve,Pneumatic,Actuator, Self Operated Sources:1
Spurious Position Change 100.0% 70.0% Catastrophic-Spurious Position Change (18175-00U,70.0%)

Induced 30.0% Degraded - Premature Or Delayed Actuation (18175-000,30.0%)

Valve,Pneumatic,Ball Sources:l
Leaking 40.0% 40.0% Leaking (20609-000,Qty:2)

Stuck Open 20.0% 20.0% Stuck Open (20609-000,Qty:l)

No Operation 20.0% 20.0% No Operation (20609-000,Qty:l)

Incermittent Operation 20.0% 20.0% Intermittent (20609-000,Qtv:l)
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FMD-91 Failure Distribution Summaries 3-265
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

Valve,Pneumat ic, Bellows Diaphragm Sources: l
Leaking 70.9% 68.2% Leaking (20609-000,Qty.144)

Out of Spec. 9.9% 9.5% Out of Specification (20609-000,Oty:20)

Stuck Open 6.9% 6.6% Stuck Open (20609-000,oty:14)

No Operation 5.9% 5.7% No Operation (20609-000,oty:12)

Stuck Closed 3.9% 3.8% Stuck Closed (20609-000,Qty:8)

Cracked/Fracttred 2.5% 2.4% Cracked/Fractured (20609-000,Qty:5)

Other (<%3) 3.8%
Intermittent Op..ration 1.4% Intermittent (20609-000,oty:3)

Breach 1.4% Breach (20609-000,Qty:3)

Spurious/False Operation 0.5% False Response (20609-000,Qty:l)

Displaced 0.5% Displaced (20609-000,Qty:l)

Valve, Pneumrat ic, Bleed Sources :1
Closed 50.0% 50.0% Close (24992-000,50.0%)

Opened 50.0% 50.0% Open (24992-000,50.0%)

Valve,Pneumatic, Check Sources :1
Leaking 57.9% 56.4% Leaking (20609-000,Qty:22)

Stuck Open 15.8% 15.4% Stuck Open (20609-000,Qty:6)

Out of Adjustment 7.9% 7.7% Out of Adjustment (20609-000,Qty:3)

No Operation 7.9% 7.7% No Operation (20609-000,Qty:3)

Stuck Closed 5.3% 5.1% Stuck Closed (20609-000,Oty:2)

Spurious/False Operation 2.6% 2.6% False Response (20609-000,Uty:')

Displaced 2.6% 2.6% Displaced (20609-000,Qty:l)

Unknown 2.6% Unknown (20609-000,Qty:l)

Valve,Pneumatic,Gate Shear Sources:1

Leaking 62.5% 55.6% Leaking (20609-000,Qty:25)

Stuck Open 17.5% 15.6% Stuck Open (20609-000,Qty:7)

Out of Spec. 10.0% 8.9% Out of Specification (20609-000,oty:4)

Stuck Closed 5.0% 4.4% Stuck Closed (20609-000,Qty:2)

Out of Adjustment 5.0% 4.4% Out of Adjustment (20609-000,oty:2)

Unknown ------ 2.2% Unknown (20609-000,oty:I)

Other (0%4) 8.9%
Unstable Operation 2.2% Unstable (20609-000,Qty:l)
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3-266 Failure Distribution Summaries FMD.91
Part Failure Norm Fail Data
Deuc. Mode/Mech Dint. Dist. Source(s)/Details

Valve, Pneumatic, Gate Shear (continued)
Other (continued)

No Operation 2.2% No Operation (20609-000,Oty:l)

Improper Flow 2.2% Improper Flow (20609-000,Qty:l)

Cracked/Fractured 2.2% Cracked/Fractured (20609-000,oty:l)

Valve,PneumAtic,Globe Rotary Sources:l

Leaking 65.2% 56.2% Leaking (20609-000,Qty:159)

Stuck Closed 11.1% 9.5% Stuck Closed (20609-000,Oty:27)

Out of Spec. 10.2% 8.8% Out of Specification (20609-000,Qty:25)

Stuck Open 7.0% 6.0% Stuck Open (20609-000,Qty:17)

Unstable Operation 6.6% 5.7% Unstable (20609-000,0ty:16)

Other (<%5) 13.8%

Seized 3.2% Seized (20609-000,oty:9)

Out of Adjustment 3.2% Out of Adjustment .(20609-000,Qty:9)

No Operation 3.2% No Operation (20609-000,Qty:9)

Cracked/Fractured 2.1% Cracked/Fractured (20609-000,Qty:6)

Intermittent Operation 1.8% Intermittent (20609-000,oty:5)

Corroded 0.4% Corroded (20609-000,Qty:l)

Valve,Pneumatic,Needle Sources :1
Stuck Closed 50.0% 50.0% Stuck Closed (20609-000,Qty:l)

Spurious/False Operation 50.0% 50.0% False Response (20609-000,oty:l)

Valve,Pneumatic,Plug Sources:1
Leaking 60.0% 60.0% Leaking (20609-000,Qty:3)

Stuck Open 40.0% 40.0% Stuck Open (20609-000,Qty:2)

Valve,Pneumatic, Pressure Regulator Sources :1
Closed 50.0% 50.0% Close (24992-000,50.0%)

Opened 50.0% 50.0% Open (24992-000,50.0%)

Reliability Analysis Cente (RAC) e 201 MilW St., Rome, NY 13440 e 315-337-0900



FMD-91 Failure Distribution Summaries 3-267
Part Failure Norm Fail Data
Desc. Mode/Mech Dist. Dist. Source(s)/Details

ValvePneumatic,Purge,Stem 
Sources:l1

Broken 100.0% 66.7% Broken/Damaged (25101-000,Qty:l), Broken Damaged
(25101-000,Oty:l)

Inducod ------ 33.3% Dropped - Broken/Damaged (25101-000,Qty:l)

Valve,Pressure Test Sources:l
Opened 68.5% 68.5% Open (24992-000,68.5%)

Leaking 21.5% 21.5% External Leak (24992-000,12.5%), Internal Leak
(24992-000,9.0%)

Closed 10.0% 10.0% Close (24992-000,10.0%)

Valve,Prevalve Sources:l
Opened 50.0% 50.0% Open (24992-000,50.0%)

Closed 50.0% 50.0% Close (24992-000,50.0%)

Valve,Regulator Sources:1

Leaking 53.0% 53.0% External Leak (24992-000,53.0%)

Opened 23.5% 23.5% Open (24992-000,23.5%)

Closed 23.5% 23.5% Close (24992-000,23.5%)

Valve,Relief (Summary)
Premature Open 58.3%
Leaking 17.0%
Drift 13.5%
Mechanical Failure 9.2%
Open - Close 2.0%

Valve,Relief Sources:2
Premature Open 85.0% 85.0% Premature (24992-000,70.0%), Catastrophic-Premature Open

(1e175-000,100.0%)

Leaking 15.0% 15.0% External Leak (24992-000,30.0%)

Valve,Relief, Pressure Sources:1
Drift 30.8% 30.8% Drift (24992-000,69.0%)

Leaking 30.8% 30.8% Leak (24992-000,69.0%)

Mechanical Failure 30.8% 30.8% Mechanical Failure (24992-000,69.0%)

Open - Close 7.7% 7.7% Open - Close (24992-000,17.2%)
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3-268 Failure Distribution Summaries FMD-91
Part Failure Norm Fail Data
Desa. Mode/Mech Dint. Dist. Sourcei()/Detaila

Valve,Relief, Thermal Sourcea:l
Drift 45.4% 45.4% Drift (24992-000,45.4%)

Leaking 45.4% 45.4% Leak (24992-000,45.4%)

Mechanical Failure 9.2% 9.2% Mechanical Failuer (24992-000,9.2%)

"alveSafety Sources:1
Premature Open 100.0% 100.0% Catastrophic-Premature Open (18175-000,100.0%)

Valve, Sequence Sources:l
Leaking 61.5% 61.5% Internal Leak (24992-000,31.5%), External Leak

(24992-000,30.0%)

Opened 16.0% 16.0% Open (24992-000,16.0%)

Closed 16.0% 16.0% Close (24992-000,16.0%)

Binding/Sticking 6.5% 6.5% Bind (24992-000,6.5%)

Valve, Servo Sources:1

Electrical Failure 40.0% 40.0% Electrical (24992-000,40.0%)

Mechanical Failure 40.0% 40.0% Mechanical (24992-000,40.0%)

Leaking 20.0% 20.0% Leak (24992-000,20.0%)

Valve,Solenoid Sources:l
Mechanical Failure 50.0% 50.0% Mechanical (24992-000,50.0%)

Electrical Failure 25.0% 25.0% Electrical (24992-000,25.0%)

Leaking 25.0% 25.0% Leak (24992-000,25.0%)

Valve, Throttling, Bipropell Sources:1
Closed 57.9% 57.9% Close (24992-000,73.5%)

Leaking 23.6% 23.6% External Leak (24992-000,30.0%)

Opened 18.5% 18.5% Open (24992-000,23.5%)

Valve,Vent Sources:1
Opened 50.0% 50.0% Open (24992-000,50.0%)

Closed 50.0% 50.0% Close (24992-000,50.0%)
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FMD-91 Failure Distribution Summaries 3-269
Part Failure Norm Fail Data
Deac. Mode/Mach Dist. Dist. Source(s)/Details

Vibrator Sources :,
Contact Failure 80.0% 80.0% Contact Failures (24993-000,80.0%)

Spring Failure 15.0% 15.0% Spring Fatigue (24993-000,15.0%)

opened 5.0% 5.0% open Winding (24993-000,5.0%)

Vidicon Sources; 1
Induced ---- 0.1% Degradation (22540-000,NR)

Other ---- 100.0%

Seal/Gasket Failure NR Deterioration of Seal (2254C-000,NR)

Cracked/Fractured NR Microcracks in Tube Envelope (22540-000,NR)

Contaminated NR Contaminated Internal Tube Environment (22540-000,NR)

open Filament NR Open Filament (22540-000,NR)

Image Lag NR Image Lag (22540-000,NR)

Blooming NR Blooming (22540-000,NR)

Washer, Key Sources :1
Loose 40.0% 40.0% Loose Screw(s) - Excessive Play (25101-OOO,Qty:2)

Excessive Play 40.0% 40.0% Excessive Play (25101-O00,Qty:l), Broken/Separated -

Excessive Play (25101-O00,Qty:l)

out of Adjustment 20.0% 20.0% out of Adjustment - Binding/Sticking (25101-000,Qty:l)

Washer, Lock Sources :1

Loose 50.0% 20.0% Loose Nut(s) - Abnormal Operation (25101-000,Oty:-2)

Cracked/Fractured 25.0% 10.0% Cracked/Split-Broken/Damaged (25101-000,Oty:l)

Broken 25.0% 10.0% Broken/Separated - Abnormal operation (25101-000,Qt-y:l)

Induced--------------------60.0% Fell off Or Lost - Missing (25101-000,Qty:l), Improper
Maintenance -Missing (25101-000,Qty:l), Improper
Installation -Missing (25101-000,Qty.1) C25101-000Oty:l),
Improper Installation - Fnd In TI/PMCS/INSP
(25101-O00,oty:l), Improper Maintenance - Broken/Damaged
(25101-000, Oty: 1)

Wheel Sources :1
Broken 71.4% 55.6% Broken/Damaged C25101-000,Qty:l), Part Struck/Damaged -

Broken/Damaged (25101-000,Qty:3), Part Struck/Damaged -
Inop/Unserviceable (25101-000,Qty:l)

Bent/Dented/Warped 28.6% 22.2% Collapsed/Bent (25101-OO0,Qty:l), warped/Bent -

Collapsed/Bent (25101-OOO,Qty:l)

Unknown ------------------- 11.1% Unknown (25101-O00,Qty:l)

induced--------------------11.1% Improper Operatoin - Collapsed/Bent (25101-000,Qty:l)
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3-270 Failure Distribution Summaries ýFMD-91
Part Failure Norm Fail Data
Demo. Mode/Mach Dist. Dist. Source(s)/Details

Wheel Assembly Sues11
Bent/Dented/Warped 73.5% 71.4% collapsed/Bent (25101-000,gty.l) C25l01-000,Qty:4)

(25101-000, Qty.20)

Worn 20.6% 20.0% Warn out (25101-000,Qcy:6), Worn - Worn Out.

(25101-000, Oty: 1)

Cut/Scarred/Punctured 2.9% 2.9% Cut/scraped (25101-000,Qty:l)

Broken 2.9% 2.9% Missing Rubber (25101-000,oty-.l)

Unknown ---- 2.9% Unknown (25101-000,Qty:l)

Wheel, Reinforced Sources :1
Broken 65.1% 57.1% Brcken/Damaged (25101-000,Oty:l) (25101-000,Qty.l)

(25101-000,Qty:2) (25101-000,Qty:12), Part Struck/Damaged
Broken/Damaged (25101-000,Qty:ll), Part Struck/Damaged -

Inop/Unserviceable (25101-000,Qty.-l)

Bant/Dentad/Warped 32.6% 28.6% Collapsed/Bent (25101-000,Qty.:4) (25101-000,Qty:4)
(25101-000,Qty:5), Warped/Bent - Broken/Damaged
(25101-000,Qty:l)

Cut/Scarred/Punctured 2.3% 2.0% Cut-Leaking Air (25101-000,Qty:l)

induced ---- 6.1% Cauased By Other Failure-Inop/Unserviceable
(25101-000,Qty:l), Caused By Other Failure-Collapsed/Bent
(25101-000,Qty:l), Item Abuse/Neglect - Collapsed/Bent
(25101-000, Qty: 1)

Unknown 6.1% Unknown (251.01-OOO,Qty:l) (25101-000,Qty:-2)

Wheel, Susp, Grp/'Actuatr Sources 1
Cracked/Fractured 79.1% 63.1% Cracked Weld-Cracked (25101-000,Qty:2), Cracked

(25101-000,Qty.1) (25101-000,Qty:3) (25101-000,Qty:44),
Normal Operater Failure - Cracked (25101-000,Qty:2), Poor
Design - Cracked (25101-000,oty:l)

Binding/Sticking 9.0% 7.1% Binding/Sticking C25l0l-000,Qty:3), Internal Failure -

Binding/Sticking (25101-000, Oty: 1) (25101-000, Qty: 2)

Broken 3.0% 2.4% Broken/Damaged (25101-000,Qty:l), Studs Broken - Broken
Bolt(s) (2510l-OOO,Qty-l)

Corroded 3.0% 2.4% Corroded-Inop/Unserviceable (25101-000, Oty:2)

Creep 3.0% 2.4% Internal Failure - Creep (25101-O00,Qty:l), Creep

(25101-000, Oty: 1)

Skipping 3.0% 2.4% Internal Failure - Skips (25101-OOO,Qty:l), Skips
(25101-000, oty: 1)

Induced ---- 10.7% Lack Of Maintenance - Noisy (25101-000,Qty-l), Poor Design
- Ucoiny (25101-000,Qty.l), Improper Installation - Stripped
Gear/Spline (25l01-OOO,oty:7)

Unknown ---- 4.8% Unknown (25101-000,oty:1) (25101-000,Qty:l)
(25101-000,Qty:l) (25101-000,oty:1)

Other (0%3) ---- 4.8%
out of Adjustment 1.2% Out Of Adjustment - Binding/Sticking (25101-000,oty:l)

No Operation 1.2t Poor Design - Inop/Unserviceable (25101-000,Qty-1)
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Part Failure Norm Fail Data
Deac. Mode/Mach Dist. Dist. Source(s)/Detail,

Wheel, Susp,Grp/Actuatr (continued)
Other (cont inued)

Noisy 1.2% Noisy (25101-000,Qty:1)

Exces.iive Play 1.2% Worn - Excessive Play (25101-000,Qty:l)

Window Sources :1.
Cracked/Fractured 50.0% 40.0% Croacked (25101-000,Qty:1), Window - Part Struck/Damaged -

Cracked (25101-000,Qty:1)

Bent/Dented/Warped 50.0% 40.0% Warped/Bent --Leaking Nitrogen (25101-000,Oty:2)

Induced ---- 20.0% Vibration - Missin~g (2510l-000,Qty.-l)

Window, Optical Sources 21
Induced ---- 100.0% Item A~buse/Neglect - Broken/Damaged (25101-000,Qty:l), Lack

Of Maintenance - Internal Moisture (25101-000,Qty:l)

Worm Shaft Assembly Sourcas:1
Excessive Play 29.1% 26.7% Excessive Play (25101-000,oty:l) (25101-000,Qty:1)

(25101-OOO,Qty:2), Worn - Excessive Plp~y (25101-000,Qty:2)
(25101-O00,oty:6), Worn Shaft/Keyway - Excessive Play
(25101-000, Qty: 1) (25101-000, Qty:2), Improper Adjustment -
Excessive Play (25101-000,Qty:l)

Broken 23.6% 21.7% Broken/Damaged C2510l-000,Qty:l) (25101-000,Qty:l)
(25101-000,Qty:l) (25101-000,Oty.-I) (25101-000,Oty:8),
Brc~ken/Separated - Inop/Unserviceable (25101-000, Qty. 1)

Bent/Dented/Warped 14.5% 13.3% Warped/Bent - Binding/Sticking (25101-000,Qty:l)
(25101-000,Gty:l) (25101-000,Qty:3), Warped/Bent - Excessive
Play (25101-000,Qty.1) (25101-000,Qty:l), Collapsed/Bent
(2510 1-000, Qty: 1)

Loose 12.7% 11.7% Worn - Loose (25101-000,Qty:l), Loose (25101-000,Qty:l)
(25101-000,Qty21) (25101-000,Qty:4)

Out of Adjustment 10.9% 10.0% Out Of Adjustment - Binding/Sticking (25101-000,Qty:l), Out
Of Adjustment - Excessive Play (2510l-OO0,oty:l)
(25101-000,Qty:-3), Out Of Adjustment - Out Of Adjustment
(25101-000, oty: 1)

Binding/Sticking 7.3% 6.7k Binding/Sticking (25101-000,Qty:l) (25101-COO,Qty:l)
(25 101-000, Qty: 2)

Worn 1.8% 1.7% Worn - Inop/Unuerviceable (25101-000,Qty:1)

Unknown ---- 8.3% Unknown (25101-OOO,Qty:l) (25101-000,Qty:1)

(25101-000,Qty:l) (25101-000,Qty:2)
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4.0 DATA SOURCES

This section contains brief descriptions of the data sources used in this publication. The
source descriptions below reference only the information extracted from the source and do
not attempt to describe the full scope of the source. They are presented in numerical order
by RAC library Document Number (five digit followed by a three digit number).

10722-000 Source Proprietary.

Abstract: A collection of failure analysis reports ranging in date from 1984 to
1990. The data represents both fielded parts and lab test/inspection failures
for a wide range of part types.

12702-000 Reliability Qualification Test of a Horizontal Situation Indicator Set

Abstract: Failure information for each failure identified during the
reliability qualification test of the AN/AJN-18 Horizontal Situation
Indicator Set. The report was prepared by Rockwell International Collins
Radio Group in January, 1976.

13591-000 Reliability Model for Miniature Blowers per MIL-B-23071B

Abstract: RADC Technical Report (RADC-TR-75-178). Information about the
failure modes and mechanisms of MIL-B-23071B blowers. The report is

dated July 1975.

13740-000 Quantification of Printed Circuit Board (PCB) Connector Reliability

Abstract: This source is a RADC Technical Report (RADC-TR-77-433).
Included is information concerning the failure mechanisms related to PCB
Connectors. The report is dated January 1978.

13741-000 Crimp Connection Reliability

Abstract: This source is a RADC Technical Report (RADC-TR-78-15).
Included is information concerning the failure modes and mechanisms
found in crimp connections. The document is dated January 1978.

13933-000 Development of Nonelectronic Part Cyclic Failure Rates

Abstract: This source is a RADC Technical Report (RADC-TR-77-417).
Contained is information concerning failure modes and mechanisms of
selected non-electronic components. The report is dated December 1977.
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17867-000 Source Proprietary.

Abstract: This data source is from Reliability Improvement Warranty
maintenance records on various equipments in the F-16 aircraft.

17950-030 Failure Mode Analysis and Life Time Estimation of Traveling Wave Tubes,
Nakamura, S., and Kawashima, F.

Abstract: 1980 International Symposium for Testing and Failure Analysis.
This paper contains information regarding failure modes and mechanisms

for GW52 Traveling Wave Tubes.

18175-000 IEEE Standard 500-1984 (1984)

Abstract: This document deals with collected reliability data on electrical,

electronic, sensing and mechanical equipment used in nuclear-power
generating stations.

18364-000 VLSI Device Reliability Models

Abstract: This is an RADC Technical Report (RADC-TR-84-182). Included is
a discussion of failure modes and mechanisms specifically related to VLSI
integrated circuits. The date of the report is December 1984.

18503-007 Reliability of Fuse Collection Hardware in Subways, Meyerhoff, N.J., and

Kozoil, J.R.

Abstract: 1984 Proceedings Annual Reliability and Maintainability
Symposium. This paper presents failure mode data of a BART change

machine.

18504-021 Analysis of the FA-18 Hornet Flight Control Computer Field Mean Time
Between Failure, Griffin, P.

Abstract: . 1985 Proceedings Annual Reliability and Maintainability

Symposium. This paper presents observed field failure distribution of the
system.

18800-001 Reliability of Traveling Wave Tubes for use in Microwave
Communications Systems NEC Research and Development, Harada, A.,
Niihama, S. and Tsuchida, H.

Abstract: Number 67, 1982. This paper details the observed field failure
modes and mechanisms for Ghz TWTs.
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19542-000 RADC Nonelectronic Reliability Notebook

Abstract: This source is a RADC Technical Report (RADC-TR-85-194).
Included in this documen, is malfunction data and frequency of occurrence
information for a wide range of nonelectronic parts. The distributions were
based on part failure data accumulated over all use environments. The
report is from 1985.

20609-000 Nonelectronic Parts Reliability Data, NPRD-3

Abstract: Produced by the Reliability Analysis Center. Contains previously
published failure mode distributions for a wide range of part types. This
document is dated 1985.

22540-000 Reliability Modeling of Critical Electronic Devices

Abstract: This source is a RADC Technical Report (RADC-TR-83-108). It
described the failure modes and mechanisms associated with various
electrical and nonelectronic part types. The report is dated February 1983.

23037-000 COFT Program - A Tailored R/M Approach

Abstract: This source contains the detailed backup data for the 1988 R/M
Proceedings paper.

23038-000 Source Proprietary.

Abstract: The data in these sources is from a U.S. Army maintenance system
on selected components in various Army aircraft. The time period of data
collected was January 1979 to June 1982. The aircraft corresponding to each
source number is:

23038-001 AH-1S
23038-002 OH-58A
23038-003 OH-58C
23038-004 CH-47C
23038-005 UH-1H
23038-006 UH-60A

23185-037 Satellite Traveling Wave Tubes Reliability Controls, Behonann, F.F.

Abstract: 1982 Proceedings Annual Reliability and Maintainability
Symposium. This document summarizes failure mode data from life tests
by analyzing the contribution of each of the TWTs constituent parts.

Reliability Analysis Center (RAC) e 201 Mill St., Rome, NY 13440 • 315-337-0900



4-4 Data Sources FMD-91
23413-000 Impact of Fiber Optics on System Reliability and Maintainability

Abstract: This source is a RADC Technical Report (RADC-TR-88-124). The
report details failure occurrences experienced in fiber optic cables from
December 1984 to January 1986. It also covers the basic failure mechanisms
associated with fiber optic cables.

23459-008 Reliability of Plastic Encapsulated Logic Circuits, Olson, C.

Abstract: Quality and Reliability International Vol. 5, No. 1, 1989. This
paper presents failure modes and mechanisms observed in high
temperature tests and high humidity tests performed by various vendors.

23546-000 Reliability Design Criteria for High Power Tubes-Review of Tube and Tube
through Related Technology
23546-002 Abstract: This source is a RADC Technical Report (RADC-TR-88-304). This

document includes failure mode distributions for a variety of tube types
used in the ALQ-135, ALQ-119, DSCS-11, etc. Data encompasses both field
and factory return data. The report is dated February 1989.

23935-000 VHSIC/VHSIC-Like Reliability Prediction Modeling

Abstract: This source is a RADC Technical Report (RADC-TR-89-177).
Included in this document is data concerning the failure mode/mechanism
distributions, and number of observed failures under given test types for
VHSIC/VHSIC-Like CMOS devices. The document is dated October 1989.

24250-037 Accounting for Soft Errors in Memory Reliability Prediction, Miller, J.E.,

Hecht, H., and Maries, S.F.

Abstract: 1989 Proceedings Annual Reliability and Maintainability
Symposium. This paper analyzes memory soft errors and quantifies typical
distributions of failures between rows, columns, single cell, etc.

24417-000 General Electric Component Technology and Standardization Manual
through
24417-002 Abstract: This document describes the most common failure modes andmechanisms for many electrical, electro-mechanical, and mechanical part

types. The document is dated May 1989.
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24990-000 Reliability and Maintainability In Perspective, Smith, D.J.

Abstract: This source contains information concerning the failure mode
distributions of many electrical, electro-mechanical, and mechanical part
types. The report was published in 1985.

24991-000 Source Proprietary.

Abstract: The data from this source is from a previous internal Reliability
Analysis Center Study.

24992-000 Information for Reliability Prediction

Abstract: This source is from a General Electric Technical Memorandum
written by the Apollo Support Department in May of 1964. The data
presented encompasses a wide range of part types.

24993-000 MIL-HDBK-338

Abstract: This data comes from MIL-HDBK-338 which give the failure mode

distributions for a wide range of part types. This edition of MIL-HDBK-338 is

dated October 15, 1984.

24994-000 European Space Agency (ESA) Specification

Abstract: This is a specification of the European Space Agency (ESA) which
provides the failure mode distributions of electrical parts, electromechanical
parts, and some mechanical parts for reliability prediction on ESA programs.
Data is from February 1976.

24995-000 Source Proprietary.

Abstract: This source is a previously published RAC study on microcircuit

device reliability trend analysis, dated 1985. The data presented is based on
laboratory and field failure data which provide a distribution of observed
frequencies of failure for each mode. The study references various
microcircuit part types (digital SSI, MSI, LSI, linear, interface, memory and
VLSI).

24996-000 Source Proprietary.

Abstract: This source contains failure rate and failure mode data on various
industrial part types. Published in 1988.
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24997-000 Source Proprietary.

Abstract: This source contains reliability data on computer, telephone, and

electronic parts. Published in 1987.

25000-000 Rome Laboratory Study of Part Failure Modes, L.J. Gubbins

Absracl: This discusses the failure modes and their accelerating stresses for a
full range of part types. The report is based on field data collected from
certain ground electronic equipments and from individual part tests.

25001-000 Source Proprietary.

Abstract: This source is a compilation of failure analysis reports on a variety
of part types.

25014-000 Discrete Semiconductor Device Reliability, DSR-4

Abstract: This source is published by the Reliability Analysis Center and
includes failure mode and mechanism data on of various discrete
semiconductor device types. The data has been compiled from reports of
reliability demonstration tests conducted in accordance with MIL-STD-781.
The document is dated 1988.

25015-000 Source Proprietary

Abstract: This was a RAC study performed for the USAF. It involved
deriving microcircuit failure mode distributions from the RAC's entire
failure event data base and applying these distributions to an FMECA. This
source also contains failure mode distributions for traveling wave tubes and
various microwave devices. These distributions came from the
summarization of vendor failure data from 15 manufacturers of microwave

devices. The report is dated July 7,1988.

25016-000 Reliability Data for Electronic and Electromechanical Components

Abstract: The data from this source was extracted from a Jet Propulsion
Laboratory Technical Report. (NASA Tech Brief 74-10230, April 1975). It
contains failure mode and mechanism data on various electronic and
electromechanical part types.
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25027-000 Field Failure Return Program (FFRP) Failure Analysis Reports

Abstract: This data source is a collection of failure analysis reports from the
studies conducted by the Field Failure Return Program (FFRP). Studies
include those performed by Rome Laboratory during the initial pilot study
effort, reports submitted to the program by external sources, and studies
conducted by the Reliability Analysis Center. These studies deal primarily
with semiconductor devices and range in date from 1986 to the 1991.

25028-000 Failure Modes and Mechanisms in GaAs FETs

Abstract: This source is a RADC Technical Report Information included
detailed GaAs FET failure modes and mechanisms under given test
conditions and environments. The report is dated December 1990.

25029-000 Source Proprietary.

Abstract: This data source is from failure analysis performed on M2716QM
EPROM's. Date of the report is 12/06/84.

25030-000 Source Proprietary.

Abstract: Data from this source is analysis of inspection failures on
transformers that was collected over a 2 year period.

25031-000 Reliability Physics Symposium Papers
through Abstract: These data sources are various papers concerning failure mode and
25034-000 mechanism distributions of microcircuits, taken from the 1978 Reliability

Physics Symposium.

25035-001 GE/AESD Component Engineering Seminar

Abstract: This data was taken from of the 1985 GE/AESD Component
Engineering Seminar. Data included deals with the distribution of failure
mechanisms observed in microcircuits for each year from 1970 to 1984.

25036-000 Handbook of Reliability Prediction Procedures for Mechanical Equipment,
Ploe, R.J., and Skewis, W.H

Abstract DTRC-90/010 (May 1990). In addition to reliability models this

document contains a discussion of the predominant failure
modes/mechanisms for mechanical parts.
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25037-000 An Assessment of Gallium Arsenide Device Quality and Reliability

Abstract: Published by the Reliability Analysis Center. Includes a discussion
of failure modes and mechanisms for GaAs MMIC's, digital and discrete
components.

25038-000 Source Proprietary.

Abstract: This data source is from a previous internal RAC study to quantify

the failure mode distributions of selected electronic, and electromechanical
part types.

25101-000 Artillery Sample Data Collection

Abstract: This data was summarized from a M102 Artillery Sample Data
Collection (SDC) printout, received from the United States Army,
concerning the M102 and M102-HIP Howitzers. The data sample represents
the component part failures of the M102 / M102-HIP system and their mode

of failure during a given time period in 1990.

25464-000 Air Forces Maintenance Database, MODAS

Abstract: This data source is from the Air Forces Maintenance Database
MODAS and contains part failure mode data extracted' from the How
Malfunction code contained in MODAS. Data was collected on the F-15
aircraft in 1990.
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I-Phase Actuator
Transforrner,Statlon Service Incl,Dry Typel1-Phase (3-241) Actuator (3-2)
Tranhformer,Station Service Incl,Liquid FilledI-Phase (3- ActuatorAssembly (3-2)
242) ActuatorDownstream Pressure (3-2)
Transformer,Substation,Liquid Filled,1 Phase (3-243) Actuator,Externai Pressure (3-2)
Transformor,Transmission TileLiquid Filled,1-Phase (3-244) ActuatorFluid Head (3-3)

3-Phase ActuatorGravlty (3-3)
Transformer,Station Service Incl,Dry Type,3-Phase (3-241) Actuator,Pistort,Cylirider (3-3)
Transformer,Statlon Service IncI,Liquid Fllled,3-Phase (3- ActuatorSolenoid (3-3)
242) ActuatorSummary (3-2)
Transformer,Substatlon,Lliquid Filled,3-Phase (3-243) ActuatorTemp Regulator (3-3)
Transformer.Transmission TileLiquld Filled,3-Phase (3-245) Actuator,Transmit Force (3-3)

AID Actuator,Upstream Pressure (3-3)
IC Digital,ConverterA/D (3-109) Pneumatic,Actuator (3-151)

AC Pncumatlc,ActuatorSummary (3-151)
Electrical Motor,AC (3-67) Pneurnatic,Double Acting Piston,Actuator (3-152)
Electrical MotorAC,Sumrnary (3-67) Pneumatic,Double Acting Piston,Actuator,Throttling (3-
Electrical MotorInductlon,AC (3-68) 153)
Electrical Motor~lnductlon,AC,Sin~ie Phase (3-68) Pneumatic,Double Acting Piston,Actuator,Throttling
Electrical Motor~lnductliori,AC,Wound Rotor (3-69) Composite (3-153)
Electrical MotorMotor/BlowerAC (3-9) Pneumatic,Single Acting PistonActuatorThrottling (3-153)
Electrical MotorMotor/BlowerAC,Induction (3-70) Pneumatic,Single Acting Piston,Actuator,Throttling
Electrical MotorMotor/BlowerAC.Poly Phase (3-70) Composite (3-153)
Electrical MotorMotor/BlowerAC,Spllt Phase (3-70) ValveActuator (3-257)
Electrical MotorSquirrel CageAC (3-72) ValveHydraulic,Actuator (3-259)
Electrical MotorSynchronous,AC,Slngle Phase (3-72) ValvePneumatic,Actuator (3-264)
Generator,rAC (3-86) ValvePneumatic,ActuatorDiaphragm (3-264)
Generator,Turblne,Gas,AC (3418) Valve,PneumatlcActuatorDiaplaragm Spring Opp (3-264)
Generator,Turbine,Steam,AC (3488) Valve,Pneumatic,Actuator,Double Action Piston (3-264)
Motor Generator Set,Diesel,AC (3-139) ValvePneumatic,ActuatorSelf Operated (3-264)

Accelerator Actuator Instrument
Accelerator (3-1) PneumatlcActuator Instrument (3-151)

Accelerometer Pneumatic,Actuator Instrument,Transducer (3-152)
Accelerometer (3-1) PneumaticActuator InstrumentTransd ucerCombined

Access Positloner (3-152)
Cover,Access (3-53) PneumaticActuator lnstrunientTransducerEle.ctro-

Accumulator Pneumatic (3-152)
Accumulator (3-1) PneumaticActuator lnstrumentTransducerI/P (3-152)
Accumulator,Hydraulic (3-1) Adapter

Accuulaorummay (-1)Adapter (3-4)
AccumlatoSumary 3-1)Adapter,Fire Control (3-4)

Adapter,Kit (3-4)
Adapter,Trunnion (3-4)

Aiming Post
Cover,Aiming Post (3-53)

Air
Duct,Heater,Air (3-65)
Heater,Alr (3-94)

Air Control
Valve,Alr Control (3-257)

Air Dielectric
CapacitorVariableAir Dielectric (3-34)

Air Unit
Heater,Electrlcal,,Air Unit (3-95)
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Alarm Assemibly
Alarm (3-4) ActuatorAsaembiy (3-2)
AlarmAnnunciator,Basic (3-4) Ball Screw,Assembly (3-9)
Alprmn,Annunciator,Module (3-5) BracketAssemnbly (3-18)
Al.arm,Annunclator,Module,Isolating (3-5) Brake,Assembly (3-20)
Alarm,Annunclator,Module,Relay (3-5) Brake,Shoe,Assembly (3-21)
Alarni1Annunciator,Module,Solid State (Visual) (3-5) Breech,Mechanism,Assembly (3-22)
Alarrii,AnnunciatorMultiple or Sequence (3-5) Optica),Prism,Assembly (3-142)
Alarm,Buzzei-,Annunciator Module (3-6) TransformerilnductorAssembly (3-236)
Alarm,Sunimary (3-4) Traveling Hand wheel,Assenzbly (3-252)
Detector,Smoke,Alarm (3-57) Attenuator

Alternating AttenuatorFixed,Microwave (3-8)
Pump,Centrifugakl,Service,Alternat ing (3-162) AttenuatorMicrowave (3-8)

Alumina AttenuatorMicrowaveVoltage Controlled (3-8)
Resistor,Alumina,Ceramic (3-176) Audio

Alumhiunt Transformer,Audio (3-233)
Capacitor,Aluminuni (3-29) TransformerInductor,AudioHlgh Power & Pulse (3-236)
Capacitor,Aluminum,Electrolytic (3-29) Auto
Capacitor,Aluminuni,Electrolytic,Foil (3-29) Transformer, Auto,Liquld Filled (3-233)
Capacitor,Aluminium,Sunimary (3-29) TransformerAuto,Liquid Filled,Single Phase (3-233)

Amplifier Transformer,Auto,Liquid Filled,Three Phase (3-234)
Amplifier (3-6) Auxilitary
Amplifier,Microwave (3-6) RelayCompositeAuxilitary (3-172)
AmplifierSummary (3-6) Axel
Amplifier,Wideband,GaAs FET (3-6) Axel (3-8)

Annunciator Axial
Alarm,Annunciator,Basic (3-4) Electrical MotorMotor/BlowerFan,Axial (3-71)
Alarrn,Annunciator,Module (3-5) Pump,l-ydraulic,Piston,Axial (3-165)
Alarm,Annunciator,Module.Isolatlng (3-5) Azimuth
Alarm,Annunciator,Module,Relay (3-5) EncoderAzimuth (3-73)
Alarrn,Annunciator,Module,Solid State (Visual) (3-5) Ball
Alarm,Annunciator,Multiple or Sequence (3-5) BearingBall (3-12)
AnnunciatoroiSte (3-6) SeatBall (3-192)

AnnuciaorolidStae (-6)ValveHydraulic,Ball (3-259)
Annunciator Module ValvePneumaticBall (3-264)
Ala.-i,Buzzer,Annunciator Module (3-6) Ball Screw
Bell,Annunciator Module (3-14) Ball Screw (3-8)
HornAnnunciator Module (3-96) Ball ScrewAssembly (3-9)
Klaxon,Annunciator Module (34121) Ball ScrewEquipnient Assembly (3-9)
SirenAnnunclator Module (3-204) Ball ScrewSummary (3-8)

Antenna Ball Seat
Antenna (3-6) SocketBall Seat (3-204)
AntennaMicrowave (3-7)ae or
Antenna,Summary (3-6) HarlcralBase Board (-5

BaigAntifriction (-2 Basic
eArnn~ tfitin(-2 Alarm,AnnunriatorBasic (3-4)

ArnnLink (3-7)Batr
Arm,Recoll Mechanism (3-8) Battery (3-9)

ArmatureBatteryLithiumn (3-10)
ArmaureBatteryNon-RechargeableLead Acid (3-10)

Reloy,Electromechanlcal,Armature (3-173) BatteryRechargeable,NI-Cd (3-10)
Array atrtoae(-1
IC DigitalArrayPAL (3-107) BatteryStorageea (3-11) erie 3-1

BatteryStorageLead Acid,SttoayFloatSevc (3-11)
BatterySummary (3-9)
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Bearing Bolt

Bearing (3-11) Bolt (3-16)
Bearing,Antifriction (3-12) Bolt,Machine (3-17)
Bearing,Ball (3-12) Bolt,Ribbed Shoulder (3-17)
Bearing,Roller (3-13) Bolt,Summary (3-16)
Bearing,Roller,Taper (3-13) Boost Convert:er
Bearing,Sleeve (3-13) Transformer,Eloost Converter (3-235)
Bearing,Sleeve,Trunnion (3.14) Booster
Bearing,Summary (3-11) Pump,Centrifugal,Condenser,Booster (3-160)

Bell Pump,Centrifugal,Service,Booster (3-162)
Bell,Annunciator Module (3-14) Bore Brush

Bellows Cover,Bore Brush (3-53)
Bellows (3-14) Boric Acid Transfer

Bellows Diaphragm Pump,Centrifugal.Boric Acid Transfer (3-159)
Valve,lHydraullc,Bellows Diaphragm (3-259) Boron Injection
Valve,PneumaticBellows Diaphragm (3-265) PumpCentrifugal,Boron Injection (3-159)

Belt Bottom Clamping
Belt (3-14) Heater,lmmersion,Bottom Clamping (3-95)
Belt,Summary (3-14) Box Traversing

Belt System GearBox Traversing (3-83)
Conveyor System,Belt System (3-50) Bracket

Bevel Bracket (3-17)
Gear,Bevel (3-83) Bracket,Assembly (3-18)

Bipolar Bracket,Body Assembly (3-18)
IC Digital,Bipolar (3-107) Bracket,tDraw Bar (3-18)
IC Digital,Bipolar,Memory (3-107) Bracket,Eye (3-19)
Transistor,Bipolar (3-247) Bracket,Level Vial (3-19)
Transistor,Bipolar (3-248) Bracket,Recoil Ind (3-19)
Transistor,Bipolar,NPN (3-248) Bracket,Stop Ring (3-19)
Transistor,Bipolar,PNP (3-248) Bracket,Strip Body (3-19)
Transistor,Bipolar,Summary (3-247) BracketSusp Lock (3-19)

Bipropell Brake
Valve,Throttling,Bipropell (3-268) Brake (3-19)

Bistables BrakeAssembly (3-20)
Sensor,Bistables (3-193) Brake,FrictionMaterial (3-20)

Blast Coil Duct BrakeLever Group (3-21)
Heater,Electrical,Blast Coil Duct (3-95) BrakeMotor (3-21)

Bleed BrakeRake (3-21)
Valve,Pneumatic,Bleed (3-265) BrakeRod (3-21)

Block Group BrakeShoe,Assembly (3-21)
Breech,Block Group (3-22) BrakeShoeLining (3-21)

Blower Brake,Strut,Shoe Lining (3-22)
Blower (3-15) LeverBrake (3-129)
Blower,Fan Assembly (3-15) SpindleBrakeGroup (3-206)
Blower,Minature (3-16) SpindleBrakeSupport (3-206)
Blower,Summary (3-15) Spring,Brake (3-208)

Body Brake Lever
PistonBody (3-148) Handle,Brake Lever (3-92)

Body Assembly Breech
Body Assembly (3-16) Breech,Block Group (3-22)
Body AssemblyBreech Block (3-16) Breech,Mechanism (3-22)
Body AssemblyBreech Ring (3-16) Breech,Mechanism,Assembly (3-22)
BracketBody Assembly (3-18) BreechMechanism,Handle (3-22)

Body Group CoverBreech (3-53)Buffer AssemblyBody Group (3-23) Pin Mechanical,Breech (3-145)

Buffer Assemb odyGroup-6Breech Block

BoilerFossil Fueled (3-16) Body AssemblyBreech Block (3-16)
Breech Ring

Body AssemblyBreech Ring (3-16)
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Bridge Capacitor

Diode,Rectifier,Bridge (3-60) Capacitor (3-28)
Diode, RectitiLur,Bridge,Three Phase (3-60) Capacitur,Aluminum (3-29)

Brush CapacitorAluminum,Electrolytic (3-29)
Brush (3-22) Capacitor,Aluminum,Electrolytic,Foil (3-29)
Brush,Flectrical,Contact (3-23) CapacitorAluminum,Summary (3-29)

Buffer CapacitorFixed (3-29)
IC Digital,BufferCMOSQuad (3-107) CapacitorFixed,Ceramic (3-30)

Buffer Assembly CapacitorFixed,Chip (3-31)
Buffer Assembly (3-23) CapacitorFixed,Glass (3-31)
Buffer AssemblyBody Group (3-23) CapacitorFixed,Mica, Dipped (3-31)

Buffer/Amplifier Capacitor,Fixed,Mica /Glass (3-31)
I-ybrid,Buffer/Amplifier (3-102) Capacitor,FixedPaper (3-32)

Bulb CapacitorFixed,Paper/ Plastic (3-32)
Lamp,Bulb (3-123) CapacitorFixed,Plastic (3-33)

Bushing Capacitor,Fixed,Polycarb (3-33)
Bushing (3-23) Capacitor,FixedTantalum (3-33)
Bushirng,Machine (3-24) CapacitorFixed,Tantalum,Slug (3-33)

BushngPungr (324)CapacitorTantalumn (3-34)
Bushing,Plunger (3-24) CapacitorTantalum,Electrolytic,Foil (3-34)
Bushing,Slcevey (3-24) Capaicitor,Tantalum,Electrolytic,Solid (3-34)

Buszzer mar 3-3 Capacitor,Tantalum,Sumrnary (3-34)

BuzzrmuzrAnnitrMdl 36 Capacitor,Variable, Air Dielectric (3-34)
AlarnBzzeAnnncitorModue (-6)Capacitor,Variable,Parallel Plate (3-34)

By-Pass CapacitorVariablePiston (3-34)
Valve,By-Pass (3-257) Carbon & Metal Film

CMOs ResistorFixed,Carbon & Metal Film (3-177)
IC DigitalBufferCMOSQuad (3-107) Carbon Film
IC Digital,CMOS (3-108) Resistor,Fixed,Carbon Film (3-177)
IC Digital,CMOSMemory (3-108) ResistorTrimpotCarbon Film (3-181)
IC Digital,CMOSRAM (3-108) Crig
IC Digital,CMOSSSI/MSI (3-109) Carriagetae(35

Cable CarriageMecanis(m35
Cable (3-25) GuiigCarriage Mechanism (-9
Cable,Electrical,Power (3-26) Carrying
CableFiber Optic (3-26) CaseCarrving (3-35)
Cable,Flex (3-26) Cs
CableHarness (3-26) Case~arig(-5
Cable,Printed Wiring (3-26) CaseCollimato (3-35)
CableStrap,Loop (3-26) Cassettelmt 3-5
Cable,Summary (3-25) Cset
CableWire (3-26) RecorderCassette,Tape Reel (34167)
Cable,Wire,CiCoil (3-27) Cathode Ray Tube
Cable,Wire,Core (3-27) Cathode Ray Tube (3-35)
CableWire,Electrical,Low Power, Signal (3-27) Cathode Ray TubeDibplay Monitor (3-35)
CableWireStranded (3-27) Cathode Ray TubeDisplay Unit (3-36)
Cable,Wire,Tensile (3-27)

Cable Assembly
Cable Assembly (3-25)

Cam
Lever,CamTube (3-129)

CAZu)
TubeCannon (3-253)

Cap
Screw,Cap (3-187)
Screw,CapSocket (3-188)
Screw,Cap,Socket,Head (3-188)
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FMD-91 ______ __________ ______ Part Index 1-5

Centrifugal Circuit Breaker
Electrical Motor,Motor/BlowerFan,Centrifugal (3-71) Circuit Breaker (3-37
Pump,Centrifugal (3-159) Circuit Breaker,Magrtetic (3-39)
Pump,Centrifugal,Boric Acid Transfer (3-159) Circuit BreakerPower Switch (3-40)
Pump,Centrifugal,iBoron Injection (3-159) Circuit Breaker,Summary (3-37)
Pump,Centrifugal,Cbanging/High Speed (3-159) Circuit Breaker,Thermal (3-40)
Pump,Centrifugal,Circulating Water (3-160) Circular
Pump,Centrifugal,Condenser (3-160) ConnectorCircular (3-4F)
Pump,.Centrifugal,Condenser,Booster (3-160) ConnectorCircular,Multicontact (3-48)
Pump,Centrifugal,Condenser,Circulation (3-160) Circulating Water
Punip,Centrifugal,Condenser,Motor (3-160) PumpCentrifugal,Circulating Water (3-160)
Pump,Centrifugal,Control Rod,Drive (3-160) Circulation
Pump,Centrifugal,Cooling (3-161) HeaterImmersionCirculation (3-95)
Pump,Centrifugal,Cooling,Water (3-161) Pump,Centrifugal,Condenser,Circulationi (3-160)
Pump,Centrifugal,Reactor Building CCW (3-161) Clamp
Pump,Centrifugal,Reactor Feedwater (3-161) ClampHose (3-40)
Pump,Centrifugal,Residual Heat Remova (3-151) ClampShaft (3-40)
Puxnp,Centrifugal,Salt Water Injection (3-161) Clock Driver
Pump,Centrifugal,Service (3-162) yrdCokDie ua(312
Pump,Centrifugal,Service,Alternating (3-162) Clthybilc rvrD 312
Pump,CentrifugatService,Booster (3-162) Clutch(31
Pump,Centrifugal,Service,Contint~ous (3-162) ClutchMgei (3-41)
Pump,Centrifugal,Service,Salt Water (3-162) Clutch,Mcagntica (3-41)
Pump,Centrifugal,SIervice,Standby (3-162) Clutch,Reverse Lock (3-42)
Pump.Centrifugal,Service,Water (3-162) Clutch,Summary (3-41)
Pump,Centrifugal,Steam Gen Feed (3-163) Clutch Assembly
Pump,Centrifugal,Summary (3-159)
Pump,Centrifugal,System Composite (3-163) Clutch Assembly (3-41)
Pump,Hydraulic,Centrifugal (3-163) Coaxial

Centrifugal Switch ConnectorCoaxial,F.R.R.F. (3-48)
Sensor,Speed,Centrifugal Switch (3-199) Cocking

Ceramic LeverCocking (3-129)
Capacitor,Fixed,Ceramic (3-30) Coil
Resistor,Alumina,Ceramic (3-176) Coil (3-42)

Chain Coil,Radio Frequency (3-43)
Chain (3-36) CoilSummary (3-42)

Changing/High Speed Transformer,Coil (3-235)
Pump,Centrifugal,Changing/High Speed (3-159) Collim Wnin Aim Ref

Charger Gun,Collim Infin Aim Ref (3-89)
Charger (3-36) Collimator
Charger,Rectifier-Stationary,Ferro-Resonant (3-36) CaseCollimator (3-35)
ChargerRectifier-Stationary,Magnetic Amplifier (3-36) Collimator (3-43)
Charger,Rectifier-Stationary,Silicon Controlled (3-37) ScrewCollimator (3-188)
Charger,Stationary (3-37) ShieldCollimator (3-204)

Check Combined Positioner
Valve,Check (3-257) PneumaticActuator Instrument,TransducerCornbined
Valve,Check,PWR (3-257) Positioner (3-152)
Valve,Hydraulic,Check (3-259) Commutator
Valve,Pneumatic,Check (3-265) Electrical Motor,Motor/BlowerDC,Commutator (3-71)

Check & Relief Com~p Tape
Valve,Check & Relief (3-257) Computer Peripheral,Disk Drive,Comp Tape (3-44)

Chip Comparator
Capacltor,Fixed,Chip (3-31) IC LinearComparator (3-115)
IC DigitalMemoryChip (3-110) Compass

Choke GaugeCompass (3-N0)
Transftormer,Choke (3-235)

Chopper
Chopper (3-37)
MIoll
Cable,Wire,CiCoil (3-27)
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1-6 Part Index FMD-91
Composite Controller
Electrical MotorServos,Composite (3-72) ControllerElectromechanical (3-50)
Pump,Positive Dlsplacemen,ServiceConiposite (3-165) Sensor,Level,Controller (3-196)
Relay,Composite (3-171) Converter
Relay,Composite,Auxilitary (3-172) IC Digital,Converter,A/D (3-109)
Relay,Cornposite,Control (3-172) IC Digital,Converter,D/A (3-109)
Relay,Composite, Protective (3-172) Conveyor System
Valve,Operator,Electric MotorComposite (3-263) Conveyor System,Belt System (3-50)

CompositionColn
Resistor,Fixed,Composition (3-178) CooliCng rfglColn 311
Resistor,Variable,Composition (3-182) Pump,Centrifugal,Coolingae (3-161)

CompresoentolinggCll CoigWte 311
Compressor (4)Cooling Coil (-0

Computer Core
Computer,Mass Memory (3-44) Cable,Wire,Core (3-27)
Computer,System (3-45) Valve,Coie (3-257)
Computer,System,Large (3-45) Cotter

Computer Peripheral Pin Mechanical,Cotter (3-145)
Computer P-eripheral,Dlsk DriveComp Tape (3-44) Counter
Computer Peripheral,Track Ball (3-44) Counter (3-50)

Condenser Counter,Differential (3-52)
Pump,Centrifugal.,Condenser (3-160) Counter,Reset (3-52)
Pump,Centrifugal,CondenserBooster (3-160) Cotunter Assembly
Pump,Centrifugal,Condenser,Circulation (3-160) Counter Assembly (3-51)
Pump,Centrifugal,Condenser,Motor (3-160) Coupling

Connection Coupling (3-52)
ConnectionSolder (3-45) CouplingShaft (3-52)

Connector Cover
Connector (3-45) 0Cover,Access (3-53)
Connector,Circular (3-48) CoverAiming Post (3-53)
Connector,Circular,Multicontact (3-48) CoverBore Brush (3-53)
Connector,Coaxial,F.R.R.F. (3-48) CoverBreech (3-53)
Connector,Filter (3-48) CoverHinged (3-53)
ConnectorFlex (3-49) oe vral(-3
Connector,Microwave (349) Coverroteeral (3-53)
Connector,PWB (3-49) CoverShaft (3-54)
Connector,Pin (3-49) CoverTelescope (3-54)
Connector,Receptacle,Electrical (3-49) CoverTelescope,Mount (3-54)
Connector,Rectangular,Multicontact (349) Cover Assembly
Connector,Socket (3-50 Cover Assembly (3-53)
Connector,Sumnmarv (3* Cradle Assembly

Contact Cradle AssemblyGun (3-54)
Brush,Electrical,Corttact (3-23) Crank
ContactPost & Wire (350 CrankShaft (3-55)
Relay,Contact (3-172) Crank Assembly
Relay,Contact,N.C. (3-172) Crank Assembly (3,55)
Relay,Contact,N.O. (3-172) Crimp

ContactorsTria onctorm 326Relay,Contactors,Sele (3-172) Terminal Cnetorm 326
Continuous Crystal (,5

Pump,Centrifugal,Service,Continuous (3-162) CrystalOclao (3-55)
Pump,Posltive Displacemen,ServiceContinuous (3-16,5) Crystal,Osieollatori (3-55)

Control Crystal,Plerzoeeti (3-55)
Panel,Control (3-144) CrystaLQumart (3-55)
Relay,Composite,Control (3-172) CurestalSmay(-5
Switch,Control (3-215) TasomrntueCurrent(326
ValveýControl (3-257) Cuashionirng tuetCrrn 326

Control Rod PdCushioning (314
Pump,Centrifugal,Control Rod,Drive (3-160) Cylidersinng(-~

Actuator,Piston,Cylinder (3-3)
Cylinder (3-8%)
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FMD-91 Part Index 1-7
D/A Diode
IC Digital,Converter,D/A (3-109) Diode (3-57)

DC DiodeDiode Array (3-58)
Electrical Motor,Motor/BlowerDC (3-70) Diode,Microwave (3-58)
Electrical Motor,Motor/BlowerDC,Commutator (3-71) Diode,Microwavelmpatt (3-59)
Generator,DC (3-87) Diode,Microwave,Point Contact (3-59)
Motor Generator Set,Electric,DC (3-140) DiodeMicrowave,Step Recovery (3-59)

DPDT Diode,MicrowaveSummary (3-58)
Relay,DPDT (3-173) Diode,Rectifier (3-59)
Relay,Electromagnetic,Latching,DPDT (3-173) DiodeRectifier,Bridge (3-60)
Relay,Electromechanical,Latching,DPDT (3-173) DiodeRectifierBridgeThree Phase (3-60)

Darlington Diode,RectifierHigh Power (3-60)
TransistorMultiple,Darlington (3-251) DiodeRectifierHigh Voltage (3-60)
Transistor,MultipleDarlington,Power (3-251) Diode,RectifierLow Power (3-60)

Data Selector/MUX Diode,Rectifier,Summary (3-59)
IC BipolarTTL,Data Selector!MUX (3-105) DiodeSCR (3-61)

Delay Line Diode,Small Signal (3-61)
Delay Line (3-56) DiodeSmall Signal,General Purpose (3-61)Detector DiodeSmall SignalSummary (3-61)

DetectorMicrowave (3-57) DiodeSmall Signal,Switching (3-62)

DetectorSmoke,Alarm (3-57) Diode,Summary (3-57)
Hybrid,Detector,Under Voltage (3-102) Diode,Thyristor (3-62)

Detent DiodeThyristorSPUT (3-62)

HousingDetent (3-98) Diode,ThyristorSummary (3-62)

Plunger,Detent (3-151) DiodeThyristorTriac (3-62)
Diode, Transorb (3-62)

Diaphragm DiodeZener (3-63)
Valve,Pneumatic,Actuator,Diaphragm (3-264) Diode,Zener,Summary (3-63)

Diaphragm Spring Opp DiodeZener,Voltage Reference (3-63)
Pneumatic,Diaphragm Spring Opp,Open/Close Service (3- DiodeZenerVoltage Regulator (3-64)
152) Diode Array
ValvePneumatic,Actuator,Diaphragm Spring Opp (3-264) DiodeDiode Array (3-58)

Diesel Diopter
Engine,rDiesel (3-74) Scate,Diopter (3-187)
Motor Generator SetDiesel (3-139) Dipped
Motor Generator StDiesel,AC (3-139) CapacitorFixedMica,Dipped (3-31)

Differential Disk Drive
Counter, Differential (3-52) Computer Peripheral,Disk Drive,Comp Tape (3-44)

Differential Assy Disk, Burst
Differential Assy (3-57) Disk, Burst (3-64)

Digital Displacement
Printer,Plotter,Digital,X-Y (3-158) Sensor,Displacement (3-193)

Display Monitor
Cathode Ray Tube,Display Monitor (3-35)

Display Unit
Cathode Ray TubeDisplay Unit (3-36)

Distribution
Transformer,Power,Distribution (3-237)

Dither
TransformerDither (3-235)

Double Acting Piston
Pneumatic,Double Acting Piston,Actuator (3-152)
Pneumatic,Double Acting Piston,ActuatorThrottling (3-
153)
Pneumatic,Double Acting Piston,Actuator,Throttling
Composite (3-153)

Double Action Piston
Valve,PneumaticActuator,Doub!e Action Piston (3-264)

Downstream Pressure
A&.uator,Downstream Pressure (3-2)
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Draw ar Electrical

Bracket,Draw Bar (3.18) Brush,Electrical,Contact (3-23)
Drive CableElectrical,Power (3-26)

Gear,Drive (3-83) Cable,Wire,Electrical,Low Power, Signal (3-27)

Motor Gernerator Set,Drlve (3-140) Connector,Receptacle,Electrical (3-49)
Pump,CentrifugalControl Rod,Drive (3-160) Heater,Electrical (3-94)
Shaft,Drive (3-202) HeaterElectrical,Air Unit (3-95)

Driver/Receiver Heater,Electrical,Basc Board (3-95)

Hybrid,Driver/Receiver (3-102) Heater, Electrical,Blast Coil Duct (3-95)

Drum MixerMicrowaveElectrical (3-138)

Drum (3-64) Post,Electrical (3-154)

Dry Type PrecipitatorElectrical,Pollution Control (3-155)

Transfornier,Station Service Incl,Dry Typel-Phase (3-241) Electrical Filter

Transformer,Station Service Incl,Dry Type,3-Phase (3-241) Electrical Filter (3-66)

Dual Electrical Filter,EMI (3-66)

Hybrid,Clock DriverDual (3-102) Electrical Filter,Feed-Thru (3-66)

Hybrid,Transceiver,Dual (3-103) Electrical FilterMicrowave (3-66)

Transformer,Pulse,Dual (3-239) Electrical FilterNetwork (3-66)

Transformer AssemblyDuai (3-233) Electrical FilterSummary (3-66)

Transistor,Multiple,Dual,PNP (3-251) Electrical Motor

Dual Sense Electrical Motor (3-67)

Transformer,Dual Sense (3-235) Electrical Motor,AC (3-67)

Duct Electrical MotorAC,Summary (3-67)

Duct (3-64) Electrical Motorlnduction,AC (3-68)

Duct,Heater,Air (3-65) Electrical Motorlnduction,AC,Single Phase (3-68)

Duct,Tray,Wireway (3-65) Electrical Motorlnduction,ACWound Rotor (3-69)
Dynamotor Electrical MotorMotor/Blower (3-69)

ynamotor (Electrical MotorMotor/Blower,AC (3-69)
Dynamotor (35) Electrical MotorMotor/Blower,AC,lnduction (3-70)

EAROM Electrical MotorMotor/ Blower, AC,Poly Phase (3-70)
IC Digital,Memory,EAROM (3-110) Electrical MotorMotor/BlowerAC,Split Phase (3-70)

EMI Electrical MotorMotor/BlowerDC (3-70)
Electrical FilterEMI (3-66) Electrical MotorMotor/BlowerDC,Commutator (3-71)

EPROM Electrical MotorMotor/BlowerFan (3-71)
IC Digital,MemoryEPROM (3-111) Electrical MotorMotor/BlowerFart,Axial (3-71)

Eccentric Electrical MotorMotor/BlowerFan,Centrifugal (3-71)
Eccentric (3-65) Electrical Motor,Motor/BlowerFan,Vane Axial (3-71)

Elapsed Electrical Motor,Motor/Blowerlnduction (3-71)
Meter,Time,Elapsed (3-137) Electrical MotorMotor/BlowerSummary (3-69)

Elbow Electrical MotorMotor/BlowerSynchronous (3-72)
TelescopeElbow (3-224) Electrical MotorServosComposite (3-72)

Elect Power Dist. Electrical MotorSquirrel CageAC (3-72)
Elect Power Dist. (3-65) Electrical MotorStepper (3-72)

Elect Rectifying Equ Electrical MotorSummary (3-67)

Elect Rectifying Equ (3-65) Electrical MotorSynchronous,AC,Single Phase (3-72)

Elect. Heater Electrical MotorTachometer,Servo (3-72)

Heat Exchangers,Elect. HeaterResistive (3-94) Electro-Pneumatic

Electric Pneumatic,Actuator lnstrument,TransducerElectro-

LampElectric (3-123) Pneumatic (3-152)

Light,Electric,Fix (3-131) Flectrolytic

Light,Electric,Fix,Ground (3-131) CapacitorAluminum,Electrolytic (3-29)

Motor Generator Set,Electric,DC (3-140) CapacitorAlumir.um,ElectrolyticFoiI (3-29)

Electric Motor CapaiitorTantalum,Electrolytic,Foil (3-34)

Valve,Operator,Electric Motor (3-262) Capacitor,Tanilum,ElectrolyticSolid (3-34)

Valve,Operator,Electric MotorComkiosite (3-263) Electromagpt.ic

Electric Solenoid RelayElectromagnetic,LatchingDPDT (3-173)

ValveOperatorMEectric Solenoid (3-263)
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FMD-91 Part Index 1-9
Electromechanical Eye

Controller,Electromechanical (3-50) Bracket,Eye (3-19)
Horn,Electromechanical (3-96) F.R.R.F.
Relay,Electromechanlcal,Armature (3-173) ConnectorCoaxial,F.R.R.F. (3-48)
Relay,Electromechanical,Latching (3-173) FET
Relay,Electromechanical,Latching,DPDT (3-173) IC Digital,FETSwitch (3-109)
Relay,Electromechanical,Mercury Wetted (3-173) TransformerFET (3-235)
Timer,Electromechanical (3-227) Fan

Electron Electrical Motor,Motor/BlowerFan (3-71)
Tube,Electron (3-253) Electrical MotorMotor/Blower,Fan,Axial (3-71)
Tube,Electron,Microwave,TWT (3-253) Electrical MotorMotor/BlowerFan,Centrifugal (3-71)
Tube,Electron,Modulator (3-255) Electrical MotorMlotor/BlowerFan,Vane Axial (3-71)
Tube,Electron,Receiving (3-255) Fan (3-76)
Tube,Electron,Subminiature (3-255) Fan Assembly

Electronic BlowerFan Assembly (3-15)
Telephone System,Switching,Electronic (3-223) Fasteners

Electronic (Piezoel) FastenersLock (3-76)
Horn,Electronic (Piezoel) (3-97) Fasteners,Mechanical (3-76)

Electronic Test Eqpt FastenersRetaining Ring (3-77)
Electronic Test Eqpt (3-73) Fault Ball

Electronic/Magnetic IndicatorFault Ball (3-118)
Memory DeviceStorage DeviceElectronic/Magnetic (3- Fault Locating
134) IndicatorFault Locating (3-118)

Element Feed-Thru
Lens,Optical,Element (3-127) Electrical FilterFeed-Thru (3-66)

Element Transducer Ferro-Resonant
Sensor,Temperatbire,Element Transducer (3-200) ChargerRectifier-StationaryFerro-Resonant (3-36)

Elevating Mech Fiber Optic
Elevating Mech,Left (3-73) CableFiber Optic (3-26)
Elevating Mech,Rigl't (3-73) Splice,Fiber Optic (3-207)

Emerg. Light Assy Fiber Optic Dev
Light,Emerg. Light Assy (3-131) Optoelectronic Dev.,Fiber Optic Dev (3-142)

Encoder Field Effect
Encoder,Azimuth (3-73) TransistorField Effect (3-248)

End TransistorField Effect,HEX,N-Channel (3-249)
HousingEnd (3-99) TransistorField Effectjunction (3-249)
TubingEnd (3-255) TransistorField EffectPower (3-249)

End Housing TransistorField EffectR.F. (3-249)
GyrosEnd Housing (3-91) TransistorField Effect,Summary (3-248)

Engine Fill & Check
Engine (3-74) Valve,Fill & Check (3-258)
Engine,Diesel (3-74) Filling
Engine,TurbineGas (3-75) ValveFilling (3-258)

Equilibrator Film
ShaftEquilibrator (3-203) ResistorFixedFilm (3-178)

Equilidrator Assy Resistor,Fixed,FilmMetal (3-179)
Equilidrator Assy (3-75) Filter

Equipment ConnectorFilter (3-48)
Precipitator,Equipment,Pollution Control (3-155) TransformerPowerFilter (3-237)

Equipment Assembly Fire Control
Ball ScrewEquipment Assembly (3-9) AdapterFire Control (3-4)

Excitation Firing
Transformer,Rectifier, Excitation (3-240) GunFiringCarriuge Mechanism (3-89)

Expansion Gun,FiringPlatform Assembly (3-89)
PlugExpansion (3-1 ,0) Pin MechanicalFiring (3-145)

Explosive Squib PlungerFiring (3-151)
Igniter,Explosive Squib (3-116) Fitting

tixternal Pressure Fitting (3-77)
Actu .)r,External Pressure (3-2) FittingLubrication (3-77)

Extractor Right
Extractor Right (3-76)
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Fix Fossil Fueled
Light,Electrlc,Fix (3-131) BoilerFossil Fueled (3-16)
Light,Electrlc,Fix,Ground (3-131) Frame Assemibly

Fixed Frame Assembly (3-77)
Attenuator,Fixed,Microwvave (3-8) Frame Assembly,Support (3-78)
Capacltor,Fixed (3-29) Frequency Standard
Capacitor,Flxed,Ceramic (3-30) Module,Frequency Standard (3-138)
Capacitor,Fixed,Chip (3-31) Friction
Capacitoi ,Fixed,Glass (34,1) Brake,Friction,Materlal (3-20)
Capacitor,Fixed,Mlca,DippOc. ý3-31) Front
Capacitor1 Fixed,Mica/Glas~s (3-31)Hosn sebyFnt(-8
Cavacitor..Fixed,Paper (3-32)HosnAsebyrnt(98

CapaitorFixdPaer/Pastc (332)Front Handwheel
Capacitor,Fixed,Plapet/lac (3-33) GearTraveling,Front Handwhev.l (3-84)
Capacitor,Fixed,Pclyscar (3-33) Front Roller
Capacitor,FixedTantalum (3133) GearTraveling,Front Roller (3-85)
Capacitor,FixcedJantalumnu (3-33) Front Wedge

CapaitoFiedantlumSlu (333)ScrewFront Wedge (3-188)Oscillator,Microwave,Flxed (3-143) Fe
Resistor,Fixed (3-176) MuelhnclFleyralcF 314
Resistor,Fixed,Carbon & Metal Film (3-177) MecanicaFul (3-258) alcue (-14
Resistor,Fixed,Carbon Film (3-177) av ue(328
Resistor,Fixed,Composition k3-1 78) ValveFuel,Main Assembly (3-258)
Resistor,Fixed,Film (3-178) Furnace
Reslstor,Fixed,Film,Metal (3-179) HeaterFurnace,Gas (3-95)
Resistor,FixedSummary (3-176) Fuse
Resistor,Fixed,Wire Wound (3-179) Fuse (3-78)
Resistor,Fixed,Wire Wound,Power (3-180) FuseSpark Gap (3-78)
Resistor,Fixed,Wire Wound,Precision (3-180) FuseSurge Arrestor (3-78)

Flange GaAs FET
SpindleFlange (3-207) AmplifierWideband,GaAs FET (3-6)

Flange Type TransistorGaAs PET (3-250)
i-eater,lmmersion,Flanige Type (3-96) Gab

Flex EngineTurbineGas (3-75)
Cable,Flex (3-26) Generator,,TurbineGas,AC (3-88)
Connector,Flex (3-49) HeaterFurnace,Gas (3-95)

Flexable Wiring Gasket
Harness,Flexable Wiring (3-93) Gasket (3-79)

Float Gasket,Packing,Preform (3-79)
Switch,Float (3-215) Gasket,Seal (3-80)

Float Service Gasket,Summary (3-79)
BatteryStorage,Lead Acid,Float SevcV(-1 aleHdaiate Shear(320

Flourescent ValvePdreuniaicGate Shear (3-265)
Lamp,Flourescent,Incondescent (3-123) VlePemtcCt ha 325

FlowGag
Meter,Flow (3-135) Gauge (3-80)
Switch,Flow (3-215) GaugeCornpass (3-80)

Flow/Velocity Giuge,Pressure (3-81)
Sensor,Flow/ Velocity (3-194)
Sensor,Flow/Velocity,Process Switch (3-194)
SensorFrlow/Velocity,Transducer (3-194)
Sensor,Flow/Velodity,Transmltter (3-194)

Fluid
Switch,Pressure,Fluid (3-218)

Fluid Head
Actuator,Fluid Head (3-3)

Foil
Capacitor,Aluminum,Electrolytic,FoiI (3-29)
Capacltor,Taxstalum,Electrolytic,FoiI (3-34)

Foot
Switch,Foot (3-215)
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Genr Gm

Gear (3-81) Cradle Assembly,Gun (3-54)
Gear,Bevel (3-83) Gun (3-88)
Gear,Rox Traversing (3-83) Gun,Collim Infin Aim Ref (3-89)
Gear 1Drive (3-83) Gun,Firing,Carrlage Mechanism (3-89)
GearHousing Elev (3-83) Gun,Firlng,Platform Assembly 03-89)
Gear~lnterrial 03-84) Gun,Might Aim Post (3-89)
Gear,Sector (3-84) Gun,Post Aiming (3-90)
Gear,Spur (3-84) Gun,Quadrant (3-90)
Gear,SpurHellcap (3-84) Gun,Recoil,Mechanlsm (3-90)
Gear,Spur,Splined (3-84) Gun',Recoil,Mechanism,Variable (3-91)
Gear,Summary (3-81) Gun,Summary (3-88)
Gear,Traveling,Front Handwheel (3-84) Gyros
Gcar,Trav'cling,Front Roller (3-85) Gyros (3-91)
Housing,Gear (3-99) Gyros,End Housing (3-91)
Punip,h-ydraulic,Gear (3-164) Gyroscope

Gear Assembly Gyroscope (3-91)
Gear Assembly,Housing (3-81) HCMOS
Gear Assembly,Housing, Upper Elev (3-82) IC Digltal,Meinory,HCMOS (3-111)
Gear Assembly,Worm (3-82) HEX

Gear Box TransistorField Effect,HEX,N-Channel (3-249)
Gear Box (3-82) HIMOS
Gear Box,Mechanical Device (3-82) IC Digital,HMOS,Memory (3-109)

Gear Set Handle
Gear Set,Matched (3-83) Breech,Mechaniism,Handle (3-22)

Gen/Unit Handle (3-92)
Transfurnier,Ilower,Gen /Unit (3-237) Handle,Brake Lever (3-92)
Transformer,Power,Gen/Unit,Liquie. Fill 1 -Phase (3-237) Handle,Latch (3-92)
Transformner,Power,Gen/Unit,Liquid Fill 3-Phase (3-238) Handle Locking Assy
Trartsformer,Power,Gen/UnitLiquid Filled (3-238) Handle Locking Assy (3-92)

General Purpose Handwheel
Diode,Small Signal,General Purpose (3-61) SpindleHandwheel (3-207)

Generator Handwheel Assembly
Generator (3-85) Hand wheel Assembly (3-92)
Generator,AC (3-86) Harness
Generator,DC (3-87) Cable,Harness (3-26)
Generator,Motor (3-87) HarnessFlexable Wiring (3-93)
Generator,Sumnmary (3-85) Harness,lnterconnect Rotary (3-93)
GeneratorjTubine (3-88) eC
Generator,Tutbine,Gas,AC (3-88) Hae-Cd cndcoH-d(316
Generator,Turbine,Steam,AC (388 Head
Generator,Turbine,Sumniary (388 ScrewCav) Socket,Head (3-188)
Servo,Tachometer,Generator (3-202) Headed

Gimbal Pin Mechanical,Grooved,Headed (3-146)
TubeGimbal (3-255) Pin MechanicalStraight,Headed (3-147)

GlassHetEcagr
Capacitor,Fixed,Glass (3-31) Heat Exchang~ers(-3

Globe Rotary Heat Exchanrger~umr (3-93)
Valve,Hydraulic,Globe Rotary (3-260) Heat Exchangersummt Hatry eitv (3-93)
Valve,Prieumatic,Globe Rotary (3-266) Heat ExchangersElatdHaterRsiiv (3-94)

GravityHetEcngrRditr394
Actuator,Gravity (3-3)

Grooved
Pin Mechanical,Grooved,Headed (3-146)

Light,Electric,Fix,Ground (3-131)
Group,

Spindle,Brake,Group (3-206)
Grp/Actuatr
Wheel,Susp,Grp/Actuatr (3-270)
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1-12 Part In~lex FMD-91
Heater Housing

Duct,Heater,Air (3-65) Gear AssernblyHousing (3-81)
Heater (3-94) Gear Assenibly,Housing,Upper E1ev (3-82)
Heater,Air (3-94) Housing (3-97)
Heate,.,,Electrical (3-94) Housing,Detent (3-98)
Heater, Flectri caI,A ir Unit (3-95) Housing,End (3-99)
Heater,Electrical,Base Board (3-95) HousingGear (3-99)
He-ater,ElectricalBlast Coil Duct (3-95) HousingMachined (3-99)
li-eater,Furnace,Gas (3-95) HousingPantel (3-100)
Heater,lmmersion (3-95) HousingRoller Hub (3-100)
Heater,immersion,Bottom Clamping (3-95) Housing Assembly
Heater,lmmersion,Circulation (3-95) Housing Assembly (3-98)
Heater,immersion,Flange Type (3-96) Housing AssemblyFrant (3-98)
Heater,Immersion,Screw Plug (3-96) H-ousing AssemblyLower Elcv Gear (3-98)
Heater,immersion,Tubular (3-96) Housing AssemblySupport (3-98)
Heater,Pipe (Heiat Tracer) (3-96) Housing Elev
Heater,Summary (3-94) Gear~l-cusing E1ev (3-83)
Sensor.Heater (3-195) Hub & Brake Assy
S;ensor,Heater,Pig (3-195) Hub & Brake Assy (3-100)

Helical HumIdity
Spring,Helical (3-208) SerisorHuniidity (3-195)

Helicap Hybrid
Gear,Spur,Helicap (3-84) Hybrid (3-100)

Helium-Neon yrdBfe/mlfr(312
Laser,Semiconductor.Heliuim-Neon (3-126) Hybrid,Clocfer/Apiferua (3-102)

Hex Hybrid,DettictorUnder Voltage (34102)
Stud,Nut,Hex (3-210) Hybrid,Driver/Receiver (3-102)

Hexagon 1-lybrid,Multiplexer (3-102)
Nut,Plain,Hexagon (3-141) Hybrid,Op. Amp. (3-102)

High Power Hybrid,Op. Amp.,Power (3-102)
Diode,Rectlfier,High Power (3.60) Hybrid,Oscillator (3-103)
Transforrner,Pulse,High Power (3-239) Hybrid,Preanip (3-103)
Transistor,High Power (3-250) Hybrid,RegulatorSwitching (3-103)

High Power It: Pulse Hybrid,Thin Film Circuit (3-103)
Transfk.rmer,lnductor,Audio,liigh Power & Pulse (3-2.36) Hybrid,TransceiverDual (3-103)

High Speed Hydraulic
Printer,High Speed (3-156) AccumulatorHydraulic (3-1)
'rransistor,Switching,High Speed,NPN 03-251) Mechanical FilterHydraulic,Fuel (3-134)

High Voltage PunpHydraulic (3-163)
Diode,Rectifter,High Voltage (3-60) Pump,H.'ydraulicCentrifugal (3-163)
Transforiner,High Voltage (3-*235) Pump,Hydraulic,Gear (3-164)

Hinged Pump,Hydraulicilmpeller (3-164)
Cover,Hinged (3-53) Pump,HydraulicManual (3-164)

Horv Pump,Hydraulic,Piston (3-164)
Horn (3-96) PumpHydraulicPiston,Axial (3-165)
Horn,Annunciator Module (3-9) PumpHydraulic,Piston,Radial (3-165)
Horn,Electromecharnical (3-96) Pump,HydraulicSurmmary (3-163)
Horn,Electronic (Piezoel) (3-97) ValveHydraulic (3-258)

HornSurmar (396)ValveHydraulic,Actuator (3-259)
Hornse mar ValveHydraulicBall (3-259)
HoseHoe 3-0 ValveHydraulicBellows Diaphragm (3-259)
Hoseps (3-97) ValveHydraulic,Check (3-259)

Hose Assembl ValveHydraulic,Gate Shear (3-260)
Hose Assembly (39)ValveHydraulicGlobe Rotary (3-260)
Hose Assemblyube (3-97) Valve,HydraulicManual (3-260)

Hose ssembyRuber ~ValveJ-ydraulicNeedle (3-261)1
Valve,Hydraulic,Plug (3-261)
Valve,Hydraulic,Relief (3-261)
Valve.7Hydraulic,Servo (3-261)
Valve,Fiydraulic,Solenoid (3-262)
Valve,Hydraulic,Summary (3-258)
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FMD-91 ______ ___________ ___________ __Part Index 1-13
I/P Igniter
Pneumatic,Actuator lnstrument,Transducer,I/I' (3-152) IgniterExplosive Squib (3-116)

IC Ignition
Socket,IC (3-205) Valve,lgnition (3-262)

IC Bipolar Illuminated
IC Flipolar (3-103) Switch,Push Button,Illuminated (3-219)
IC l3ipolar~lnterface (3-103) Immersion
IC'Bipolar,interface,MOS (3-104) Heater,lmmersion (3-95)
IC BipolarLSI (3-104) Heatc.r,lmmersion,Bottom Clamping (3-95)
IC BipolarMemory (3-104) HeaterImmersion,Circulation (3-95)
IC BipolarTTL (3-104) Heater~lmmcrsion,Flange Type (3-96)
IC BipolarTTLData Selector/MUX (3-10.5) Heaterimmersion,"crew Plug (3-96)
IC BipoiarTTL & ODL (3-10b) HeaterlmmersionTubular (3-96)
IC BipolstrVLSI (3-105) Impatt

IC Digital DlodeMicrowaveImpatt (3-59)
IC Digital (3-105) Iple
IC Digital,ArrayPAL (3-107) IupHdrui~mpeller 314
IC DigitalBipolar (3-107) Iumcandraescente (-14
IC Digita],Bipolar,Memory (3-107) LampIncandescent (3-123)
IC Digital,BufferCMOSQuad (3-107) Incondesent
IC Digital,CMOS (3-108) Lamp,Flourescent,lncondescent (3-123)
IC Digital,CMOSMemory (3-108) Indicating Control
IC Digital,CMOSRAM (3-108) Sensorindicating Control (3-195)
IC DigitalCMOSSSIIMSI (3-109) Indicator
IC Digltal,ConverterA/D (3-109)Iniao(317
IC DigitalCon-verterD/A (3-109) Indlicator~ l (3-117) 118
IC Digital,FETSwltch (3-109) IndicatorFault Loalln (3-118)
IC liia,.Oeoy(-09 ndicator,Level Measurement (3-118)
IC Digital,MOS (3-109) IndicatorPrissure Measurement (3-118)
IC Digltal,MOSMemory (3-110) IndicatorRate of Flow (3-118)
IC Digltal,Memory (3-110) LampIndicator (3-125)
IC Digital,MemnoryChip (3-110) LampIndicator,LED (3-125)
IC Digltal,MemoryEAROM (3-110) Piston,Indicator (3-148)
IC DigitalMemoryEPROM (3-111)
IC Dlgital,MemoryHCMOS (3-111) Iniduction
IC Digital,Memory~MOS (3-111) Electrical MotorInduc'tion,AC (3-68)
IC DigitalMemoryPROM (3-111) Electrical Motor~lnduction,ACSingle Phase (3-68)
IC DigitaIMemoryRAM (3-111) Electrical MotorInduction,AC,Wound Rotor (3-69)
IC Digital,McmoryRAM,Static (3-112) Electrical MotorMotor/BlowerACInduction (3-70)
IC Digital,Memory,UVEPROM (3-112) Electrical MotorMotor/Blowerlnduction (3-71)
IC DigitalMemoryUVPROM (3-112) Iniductor
IC Digital,MemoryVMOS (3-112) TransformerInductorAssembly (3-236)
IC DigitalMemory/LSI (3-112) TransformerInductorAudioHigh Power & Pulse (3-236)
IC DigitalMicroprocessor (3-113) Injector
IC DigitalQuadTrue/Comp Buffr (3-113) Injector (3-119)
IC DigitalSSI/MSI (3-113) Jflnef Tube
IC Digltal,Summary (3-105) Inner Tube (3-119)

IC Linear Insert
IC Linear (3-114) Screw~lnsertThread (3-189)
IC LinearComparator (3-115) Instriument
IC LinearLlne Driver (3-115) SpringInstrumentLight Loads (3-209)
IC LinearOp. Amp. (3-115) TransformerInstrumentCurrent (3-236)
IC LinearOp. Amp.,Power (3-115) TransformerInstrument,Potential (3-236)
IC LinearOp. Arnp.,Quad (3-116) Insulator
IC LinearRegulatorVoltage (3-116) Insulator (3-119)
IC LinearSummary (3-114) Interconnect
IC LinearSwitch (3-116) Switch,InterconnectMaster (3-216)
IC LinearSwitchQuad (3-116) ValveInterconnect (3-262)
IC LinearVoltage Follower (3-116) Interconnect Rotary
IC LinearVoltage RefereencePrecision (3-116) Harriess,Interconnect Rotary (3-93)
IC LinearVoltage Regulator (3-116)
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1-14 Part Index FMD-91
Interface Lead Acid

IC Bipolar, Interface (3-103) Battery,Non-Rechai'geableLead Acid (3-10)
IC Bipolarinterface,MOS (3-104) Battery,Storage, Lead Acid,Float Service (3-11)

Internal Battery,Storage,Lead Acid,Stationary Float (3-11)
Gear,lnternal (3-84) Left

Inverter Elevating Mech,Left (3-73)
Power SupplyUninterruptable,Three Phaselnverter (3-155) Support Assembly,Left (3-210)

Isolating Leg Assembly
Alarm,Annunciator,Module,lsolating (3-5) Leg Assembly (3-127)

Isolator Lens
Isolator,Vibration,Rubber (3-119) Lens,Optical,Element (3-127)
Isolator,Vibration,Spring (3-119) Level

Joint Mechanical Level,Vial (3-128)
Joint Mechanical,Universal (3-120) SensorLevel (3-195)

junction SensorLevel,Controller (3-196)
Transistor,Field Effect,Junction (3-249) Sensor,Level,Process Switch (3-196)

Key SensorLevel,Transmitter (3-196)
Key (3-120) Level Fire Control
Key,Locking (3-120) Level Fire Control (3-127)
Key,Machine (3-120) Level Measurement
Key,Woodruff (3-120) IndicatorLevel Measurement (3-118)
Washer,Key (3-269) Level Vial

Keyboard Bracket,Level Vial (3-19)
Keyboard (3-121) Lever

Kit LeverBrake (3-129)
Adapter,Kit (3-4) LeverCam,Tube (3-129)

Klaxon LeverCocking (3-129)
Klaxon,Annunciator Module (3-121) Lever Assembly

LED Lever Assembly (3-129)
Lamp,Indicator,LED (3-125) Lever Group
Optoelectronic Dev.,LED (3-143) BrakeLever Group (3-21)

LSI Light
IC BipolarLSI (3-104) Light (3-130)

Lamp Light,ElectricFix (3-131)
Lamp (3-121) Light,Electric,Fix,Ground (3-131)
Lamp,Bulb (3-123) LightEmerg. Light Assy (3-131)
Lamp,Electric (3-123) Transducer,SensorLight (3-230)
Lamp,Flourescent,lncondescent (3-123) Light Loads
LampIncandescent (3-123) Svring,Instrument,Light Loads (3-209)
LampIndicator (3-125) Line Driver
LampIndicatorLED (3-125) IC LinearLine Driver (3-115)
Lamp,Nuclear (3-125) Linear
Lamp,Summary (3-121) PistonLinear (3-149)

Lanyard Assembly TransistorLinear (3-250)
Lanyard Assembly (3-125) Lining

Large BrakeShoeLining (3-21)
ComputerSystemLarge (3-45) Link

Laser ArmLink (3-7)
LaserSemiconductor (3-126) Link Rail Assembly
Laser,SemiconductorHe-Cd (3-126) Link Rail Assembly (3-131)
Laser,Semiconductor,Helium-Neon (3-126) Liquid Crystal Disp
Laser,YAG (3-127) Liquid Crystal Disp (3-132)

Latch Liquid Fill 1-Phase
Handle,Latch (3-92) TransformerPowerGen/Unit,Liquid Fill 1-Phase (3-237)

Latching Liquid Fill 3-Phase
Relay,Electromagnetic,Latching,DPDT (3-173) TransfomerPowerGen/Unit,Liquid Fill 3-Phase (3-238)
Relay,MectromechanicalLatching (3-173).
Relay,Electromechanical,LatchingDPDT (3-173)

Lead
TransistorLead (3-250)
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FMD-91 Part Indox 1-15
Liquid Filled Machined

Transformer,Auto,Liquid Filled (3-233) Houslng,Machined (3-99)
Transformer, Auto,Liquid FilledSingle Phase (3-233) Magnatron
Transformer,Auto,Liquid Filled,Three Phase (3-234) Magnatron (3-132)
Transformer,Power,Gen/Unit,Liquid Filled (3-238) Magnetic
Transformer,Station Service Incl,Liquid Filled,l-Phase (3- Circuit Breaker,Magnetic (3-39)
242) Clutch,Magnetic (3-41)
Transformer,Station Service lncl,Liquid Filled,3-Phase (3- Switch,Magnetic (3.216)
242) Magnetic Amplifier
Transformer,Substation,Liquid Filled,l-Phase (3-243) Charger, Rectifier-Stationary,NMagnetic Amplifier (3-36)
Transformer,Substation, Liquid Filled,3-Phase (3-243) Main Assembly
Transformer,Transmission TileLiquid Filled,1-Phase (3-244) Valve, Fuel,Main Assembly (3-258)
Transformer,Transmission Tile,Liquid Filled,3-Phase (3-245) Manifold

Lithium Manifold (3-133)
Battery, Lithium (3-10) Manual

Lock Pump,Hydraulic,Manual (3-164)
Fasteners,Lock (3-76) Switch,Manual (3-216)
LockTraveling (3-132) Switch,Rotary,Manual (3-220)
Washer,Lock (3-269) Valve,Hydraulic, Manual (3-260)

Lock/Pivot Manual Control
Platform Assembly,Lock/Pivot (3-149) Valve,Manual Control (3-262)

Locking Mass Memory
Key,Locking (3-120) Computer,Mass Memory (3-44)
Nut,Locking (3-140) Master
Platform AssemblyLocking (3-149) Switch,lnterconnect,Master (3-216)

Locking Assembly Matched
Plate,Locking Assembly (3-149) Gear Set,Matched (3-83)

Logic Material
Transistor,Switching,Logic (3-252) Brake,Friction, Material (3-20)

Loop Mechanical
Cable,Strap,Loop (3-26) Clutch,Mechanical (3-41)

Low Power Fasteners,Mechanical (3-76)

Diode,Rectifier,Low Power (3-60) Mechanical Device

Relay,Signal,Low Power (3-174) Gear Box,Mechanical Device (3-82)

Transformer,Pulse,Low Power (3-239) Mechanical Filter

Low Power, Signal Mechanical Filter

Cable,Wire,Electrical,Low Power, Signal (3-27) Mechanical Filter (3-133)
Low~rssureMechanical FilterHydraulic,Fuel (3-134)

Low Pressure Mechanical FilterSummary (3-133)
Tank,Storage,Low Pressure (3Se) Mechanism

Low Speed Breech,Mechanism (3-22)
Printer, Low Speed (3-157) Breech,Mechanism,Assembly (3-22)

Lower Elev Gear Breech,MechanismHandle (3-22)
Housing AssemblyLower Elev Gear (3-98) GunRecoilMechanism (3-90)

Lubrication Gun,lRecoil,Mechanism,Variable (3-91)
FittingLubrication (3-77) Mechanism Percussion

Lug Mechanism Percussion (3-134)
Terminal Connection,Lug,Strip (3-226)

Lunette
Lunette (3-132)

MOS
IC Bipolar,lnterfaceMOS (3-104)
IC DigitalMOS (3-109)
IC DigitalMOSMemory (3-110)
IC DigitalMemoryMOS (3-111)

Machine
Bolt,Machine (3-17)
Bushing,Machine (3-24)
Key,Machine (3-120)
Screw,Machine (3-189)

Machine Thread
PlugMachine Thread (3-150)
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1-16 Part Index ___________FMD-91

Memory Microwave
IC lBipolarMernory (3-104) Amplifier,Microwave (3-6)
IC Digltal,Ilipolar,Memory (3-107) Aritenna,Microwave (3-7)
IC Digital,CMOS,Mvemory (3-108) AttentuatorFixed,Microwsve (3-8)
IC DigitalHMOSMemory (3-109) AttenuatortyMicrowave (3-8)
IC DigitalMOSMemory (3-110) AttenuatorMicrowaveVoltage Controlled (3-8)
IC Digital,Menioryr (3-110) Connector,Microwave (3-49)
IC DigitalMemoryChip (3-1 10) DetectorMicrowave (3-57)
IC Digital,Memory.EAROM (3-110) Diode,Microwave (3-58)
IC Digital,Memory.EPROM (3-111) DiodeMicrowaveImpatt (3-59)
IC DigitalMemoryHCMOS (3-111) DiodeMicrowavePoint Contact (3-59)
IC DigitalMemoryMOS (3-111) DiodeMicrowaveStep Recovery (3-59)
IC DigitalMemoryPROM (3-111) DiodeMicrowaveSummary (3-58)
IC Digital,MemoryRAM (3-111) Electrical FilterMicrowave (3-66)
IC Digital,MemoryRAM,Static (3-112) MicrowavePhase Shifter (3-138)
IC Digital,Memory,UVEPROM (3-112) MicrowavePolarizer (3-138)
IC Digital,Memory,'JVPROM (3-112) MixerMicrowave (3-138)
IC DigitalMemoryVMOS (3-112) MixerMicrowaveElectrlcal (3-138)

Memory Device ModulatorMicrowave (3-138)
Memory Device,Storage Device,Electronic /Magnetic (3- OscillatorMicrowaver-ixed (3-143)
134) OscillatorMicrowaveVCO (3-143)

MemoryILSJ OscillatorMicrowaveY]G (3-144)
IC Digital,Memory/LSI (3-112) TransistorMicrowave (3-250)

Mercury Wetted TubeElectron,Microwave,TWT (3-253)
Relay,Electromechanical,Mercury Wetted (3-173) Might Alm Post

Metal GunMight Aim Post (3-89)
Pipe,Rigid,Metal (3-148) Minature
Resistor,FixedFilm,Metal (3-1 79) BlowerMinature (3-16)

Meteorological Mixer
SensorMeteorological (3-196) MixerMicrowave (3-138)

Meter MixerMicrowaveElectrical (3-138)
Meter (3-134) Modulator
Meter,Flow (3-135) ModulatorMicrowave (3-138)
Meter,Moving Coil (3-13-5) Modulator,Pulse Width (3-138)
MeterMultimecer (3-136) TubeElectron,Modulator (3-255)
Meter,Potentiometer (3-136) Module
Meter,Potentiometer,Position Sensor (3-136) Alarm,AnnunciatorModule (3,-5)
Mete~r,Potentiometer,Rotary 0~-136) Alarm,AnnunciatorModuleIsolating (3-5)
MeterRuggeclized (3-136) Alarm,Ann nciatorModuleReiay (3,5)
Meter,Sumniary (3-134) AlarmAnnunciatorModuleSolid State (Visual) (3-5)
MeterThermometer (3-137) Moduie,Frequency Standard (3-138)
MeterTimeElapsed (3-137) ModulePre Amp Board (3-139)
Meter,Vertical Speed (3-137) ModileSolar Cell (3-139)

Mica ModuleTorque Bridge (3-139)
Capacitor,Fixed.Mica,Dipped (3-31) Motor

Mica/Glass BrakeMotor (3-21)
Capacitor,Pixed,Mica/Glass (3-31) GeiteratorMotor (3-87)

Micro PumpCentrifugalCondenserMotor (3-160)
Switch,Micro, (3-216) Starter'Motor (3-209)

Micrometer Motor Control
NutMicrometer (3-140) ValveMotor Control (3-262)

MicrprocssorMotor Generator Set
IC DigitalMicroprocessor (3-113) Motor Generator Set (3-139)

Mic=YnMotor Generator SetDiesel (3-139)
Microsyn (3-138) Motor Generator SetDiesel,AC (3-139)

Motor Generator Set,Drive (3-140)
Motor Generator SetElectricDC (3-140)
Motor Generator SetSummary (3-139)

Motor Starter
ServoMotor Starter (3-201)
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FM D-91 _________________ ____ Part Index 1-17

Motor/BlowerNu
Electrical MotorMotor/ Blower (3-69) Nut (3-140)
Electrical MotorMotor/Blower,AC (3-69) Nut,Locking (3-140)
Electrical MotorMotor/Blower~AC,lnduction (3-70) Nut,Micrometer (3-140)
Electrical MotorMotor/Blower,AC,lPoly Phase (3-70) Nut,Plain (3-140)
Electrical MotorMotor/BlowerAC,Split Phase (3-70) Nut,Plain,H-exagon (31441)
Electrical Motor,Motor/Blower,DC (3-70) Nut,Plain,Round (3-141)
Electrical MotorMotor/BlowerDC,Comrrnutator (3-71) Nut,Slotted (3-141)
Electrical MotorMotor/ Blower Fan (3-71) Nut,Special (3-141)
Electrical MotorMotor/BlowerFan, Axial (3-71) Nut,Wheel (3-141)
Electrical Motor,Motor/BlowerFan,Ccntrifugal (3-71) Nut,Wing (3-141)
Electrical Motor,Motor/Blower~anVane Axial (3-71) Stud,NutHex (3-210)
Electrical MotorMotor/BlowerInduction (3-71) 0-Ring
Electrical MotorMotor/BlowerSummary (3-69) Scal,O-Ring (3-192)
Electrical MotorMotor/BlowerSynchronous (3-72) Oil

Mount Seal,Oil (3-192)
CoverTelescopeMount (3-54) ValveOil (3-262)
Mount (3-140) One Shot Explosive
Telescope,Mount (3-224) One Shot Explosive (3-142)

Moving Coil Op. Amip.
Meter,Moving Coil (3-135) Hvbrid,Op. Amp. (3-102)

Multicontact liybrid,Op. Amp.,Power (3-102)
Connector,Circular,Multicoaitact (3-48) IC LinearOp. Amp. (3-115)
Connector,Rectangular,Multicontact (3-49) IC LinearOp. Amp.,Power (3-115)

Multimeter IC Linear,Op. Amp.,Quad (3-116)
Meter,Multimeter (3-136) Open/Close Service

Multiple Pneumatic,Diaphragm Spring OppOpen/Close Service (3-
'rransistor,Multiple (3-251) 152)
Transistor,Multiple,Darlington 03-251) Pneumatic,Single Acting Piston,Open/Close Service (3-153)
Transistor,Multiple,Darlington,Power (3-251) Operator
Transistor,Multipbe,DualPNP (3-251) ValveOperator,Electric Motor (3-262)
Transistor,Multiple,Quad (3-251) Valve,OperatorElectric MotorComposite (3-263)

Multiple or Sequence ValveOperator,Electric Solenoid (3-263)
Alarm,Annunciator,Multiple or Sequence (3-5) Optical

Multiplexer LensOptical,Element (3-127)
Hybrid,Multiplexer (3-102) Opticail,Pnsm (3-142)

Muzzle Optical,Prism,Assembly (3-142)
PlugMuzzle (3-150) WindowOptical (3-271)

N-Channel Optical El
Transistor,Field EffectHEXN-Channel (3-249) RetainerOptical El (3-184)

N.C. Optoelectronic Dev.
Relay,Contact,N.C. (3-172) Optoelectronic Dev.,Fiber Optic Dev (3-142)

N.O. Optoelectronic Dev.,LED (3-143)
Relay,Contact,N.O. (3-172) Optoelectronic Dev.,Photovoltaic Cell (3-143)

NPN Optoelectronic Dev.,Sensor (3-143)
Transistor,BipolarNPN (3-248) Oscillator
Transistor,SwitchingHigh Speed,NPN (3-251) Crystal,Oscillator (3-55)

Needle Hybrid,Oscillator (3-103)
Valve,Hydraulic,Needle (3-261) OscillatorMicrowaveFixed (3-143)
ValvePneumatic,Needle (3-266) OscillatorMicrowave,VCO (3-143)

Network Oscillator1 MicrowaveYIG (3-144)
Electrical FilterNetwork (3-66) otu
Resistor,Network (3-180) TransformerOutput (3-236)

Ni-Cd Overall
Battery,Rechargeable,NI-Cd (3-10) CoverOverall (3-53)

Non-Rechargeable FANX
Bottery,Non-RachargeabieLead Acid (3-10) Telephone System,PBX,PABX (3-223)

Nuclear PAL
Lamp,Nuclear (3-125) IC Digital,ArrayPAL (3-107)
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1-18 Part Index FMD-91
PBX Pin Mechanical

Telephone System,PBX (3-223) Pin Mechanical (3-145)
Telephone System,PBX,PABX (3-223) Pin Mechanical, Breech (3-145)

PNP Pin Mechanical,Cotter (3-145)
Transistor,Bipolar,PNP (3-248) Pin Mechanical,Firing (3-145)
Transistor,Multiple,Dual,PNP (3-251) Pin Mechanical,Grooved,Headed (3-146)

POW Pin Mechanical,Quick Release (3-7146)
ValvePOW (3-263) Pin Mechanical,Shear (3-146)

PROM Pin Mechanical,Spring (3-146)
IC Digital,MemoryPROM (3-111) Vin Mechanical,Straight (3-147)

PUT Pin Mechanical,Straight,Headed (3-147)

Diode,Thyristor,PUT (3-62) Pin MechanicalStrai8ht,Thread (3-147)

PWB Pin Ma.chanici,Susp Lock (3-148)

Connector,PWB (3-49) Pin Mechanical,Tapered (3-148)

PWR Pipe

Valve,Check,PWR (3-257) PipeRigid,Metal (3-148)

Packing Plug,Pipe (3-150)

Gasket,Packing,Preform (3-79) Pipe (Heat Tracer)

Pad HeaterPipe (Heat Tracer) (3-96)
Pad,Cushioning (3-144) PistonPan ActuatorPiston,Cylinder (3-3)

TelescopePan (3225) CapacitorVariable,Piston (3-34)
Paneope, P -Piston,iBody (3-148)

Pan Ml3 Piston,Indicator (3-148)
Preformed PackingTelescopePan M113 (3-156) PistonLinear (3-149)

Panel Pump,Hydraulic,Piston (3-164)
Panel,Control (3-144) PumpHydraulic,Piston,Axial (3-165)

Pantel Pump,Hydraulic,Piston,Radial (3-165)
Housing,Pantel (3-100) Piston Assembly

Paper Piston Assembly (3-148)
Capacitor,Fixed,Paper (3-32) Pivot

Paper/Plastic Pivot (3-149)
Capacitor,Fixed,Paper/Plastic (3-32) Plain

Parallel Plate NutPlain (3-140)
Capacitor,Variable,Parallel Plate (3-34) Nut,PlainHexagon (3-141)

Pawl Nut,PlainRound (3-141)
Pawl (3-144) Stud,Plain (3-210)

Pendant-Hoist Key Plastic
Switch,Push ButtonPendant-Hoist Key (3-219) CapacitorFixed,Plastic (3-33)

Phase Plate
Transformer,Power,PhaseThree (3-238) PlateLocking Assembly (3-149)

Phase Shifter Platform Assembly
Microwave,Phase Shifter (3-138) Gun, FiringPlatform Assembly (3-89)

Photovoltaic Cell Platform Assembly (3-149)
Optoelectronic Dev.,Photovoltaic Cell (3-143) Platform AssemblyLock/Pivot (3-149)

Piezoelectric Platform AssemblyLocking (3-149)
Crystal,Piezoelectric (3-55) Plotter

Pig PrinterPlotterDigital,X-Y (3-158)
Sensor,Heater,Pig (3-195) Plug

Pilot Plug (3-149)
Valve,Pilot (3-263) PlugExpansion (3-150)

Pin PlugMachine Thread (3-150)
Cznnector,Pin (3-49) PlugMuzzle (3-150)

Pin Assembly Plu&Pipe (3-150)
Pin Assembly (3-144) ValveHydraulicPlug (3-261)

Valve,Pneumatic,Plug (3-266)
Plunger

Bushing,Plunger (3-24)
Plunger (3-151)
PlungerDetent (3-151)
Plunger,Firing (3-151)
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Plunger Assembly Post
Plunger Assembly (3-151) Post,Eiectrical (3-154)

Pneumatic Post & Wire
Pneumatic, Actuator (3-151) Contact,Post & Wire (3-50)
Pneumatic,Actuator,Summary (3-151) Post Aiming
Pneumatic, Actuator Instrument (3-151) GunPost Aiming (3-90)
Pneumatic, Actuator Instrument,Transducer (3-152) Potential
Pneumatic,Actuator lnstrument,Transducer,Combined Transformerinstrument, Potential (3-236)
Posit joner (3-152) Potentiometer
Pneumatic,Actuator lnstrument,Transducer,Electro- Meter,Potentiometer (3-136)
Pneumatic (3-152) Meter,Potentiometer,Position Sensor (3-136)
PneumaticActuator lnstrument,Transducer,I/1' (3-152) Meter,Potentiometer,Rotary (3-136)
Pneumatic,Diaphragm Spring Opp,Open/Close Service (3- Re.A stor, Variable, Potent io meter (3-182)
152) Power
Pneumatic,Double Acting Piston,Actuator (34152) Cable,Electrical,Power (3-26)
Pneumatic,Double Acting Piston,Actuator,Throttling (3 Hybrid,Op. Amp.,Power (3-102)
153) IC Linear,Op,. Amp.,Power (3-115)
Pneumatic,Double Acting Piston,Actuator,Throttling Relay,Power (3-174)
Composite (3-153) Resistor,Fixed,Wire Wound,Power (3-180)
Pneumatic,Single Acting Piston,Actuator,Throttling (3-153) Transformer,Power,Distribution (3-237)
Pneuniatic,Single Acting Piston,Actuator,Throttling Triinsformer,Power,Filter (3-237)
Composite (3-153) TransformerPowerGen /Unit (3-237)
Pneumatic,Single Acting Piston,Open /Close Service (3-153) Transformer,Power,.Gen/Unit,Liquid Fill 1-Phasie (3-237)
Transducer,Sensor,Pneumatic (3-230) TransformerPower,Gcn/Unit,Liquid Fill 3-Phase (3-238)
Valve,Pneumatic (3-263) Transformer,Power,Gen /Unit,Liquid Filled (3-238)
Valve,Pneumatic,Actuator (3-264) Transformer~ower,Phase,Three (3-238)
Valve,Pneumatic,Actuator,Diaphragm (3-264) Transformer,Power,Set Up (3-239)
Vali'e,Pneumatic, Actuator,Diaphragm Spring Opp (3-264) Transistor,Field Effect,Power (3-249)
Valve,Pneumdtic,Actuator,Double Action Piston (3-264) Transistor,Multiple,Darlington, Power (3-251)
Valve,Pneumatic,Actuator,Self Operated (3-264) Power Supply
Valve,Pneumatic,Ball (3-264) PwrSpl 314
Valve,Pneumatic,Bellows Diaphragm (3-265) Power Supplyubi (3- ites54)54
Valve,Pneumatic,Bleed (3-265) Power Supply,Subic Utilte (3-154)
Valve,Pneumatic,Check (3-265) Power SupplyUninmerpaby (3-154)
Valve,Pneumatic,Gate Shear (3-265) Power Supply,UlninterruptableS l (3-155)c Ivete
Valve,Pneumatic,Globe Rotary (3-266) (3-155)
Valve,Pneumatic,Needle (3-266) Power Supply,Unixiterruptable,Three Phase,inverter (3-155)
Valve,Pneumatic,Plug (3-266) SensorPower Supply (3-1906)
Valve,Pneumati.-,Pressure Regulator (3-266) Power Switch
Valve,Pneumatic,Purge,Stem (3-267) Circuit BreakerPower Switch (3-40)
Valve,Pneu~matic,Summary (3-263) Power Transducer

Point Contact SesrwrTasue 317
Diode,Microwave,Point Contact (359 PreAnsoq e Boarsd ue(317

Polarizer Por lPe A A mp Booar3d39
Microwave,Polarizer (3-138) Prduea PrAmBod(319

Poles Pem
Poles,Wood (3-153) H-ybrid,Preamp (3-103)

Pollution Control Precipitator
Precipitator,Electrical,Pollution Control (3-155) PrecipitatorElectrical,Pollution Control (3-155)
Precipitator,Equipment,Pollution Control (3-155) PrecipitatorEquipment,Pollution Control (3-155)

Poly Phase TransformerRectifier,Precipltator (3-240)
Electrical MotorMotor/BlowerACPoly Phase (3-70) Precision

Polycarb IC Linear,Voltage ReferencePrecision (3-116)
CapaitorFixdPoycab (333)ResistorFixed,Wire Wound,Precision (3-180)

CPosition Siens Por yar ResistorVariable, Wire Wound,Precision (3-183)

Meter,Potentiorneter,Position Sensor (3-136) Preform
Positive Displacemen CasketPacking,Preform (3-79)
Pump,Positive Displacemen (3-165) Preformed Packing
Pump,Positive Displacemen,ServiceComposite (3-165) Preformed Packing,TelescopePan M1 13 (3-156)
Pump,Positive Displacemen,ServiceContinuous (3-165)
Pump,Positive Displacemen,Summary (3-165)
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Pressure PUMP

Gauge,Pressure (3-81) Pump (3-158)
%ensor,Pressure (3-197) Pump,Centrifugal (3-159)
Sensor,Pre~ssure,Transmitter (3-197) Pump,Centrifugal,Boric Acid Transfer (3-159)
Switch,Pressure (3-2.16) PumpCentrifugal,Boron Injection (3-159)
Switch,Pressure,Fluid (3-218) Pump,Centrifugal,Changing/ High Speed (3-159)
Transducer,Pressure (3-229) PumpCentrifiugal,Circulating Water (3-160)
Valve,Relief,Pressure (3-267) Pump,Centrifugal,Condenser (3-160)

Pressure Measurement rump,Centrifugal,Condenser,B~ooster (3-160)
lndicator,Pressure Measurement (3-118) Pumnp,Centrifugal,Condenser,Circulation (3-160)

Pressure Regulator PumpCentrifugal,Condenser.,Motor (3-160)
Valvc,Pneumatic,Pressure Regulator (3-266) Pump,Centrifugal,Control Rod,Drive (3-160)

Pressure Test Pump,Cefltrifugal,Cooling (3-161)
Valve,Pressure Test (3-267) Pump,Centrifugal,Cooling,Water (3-161)

Prevalve Pump,Centrifugal,Reacter Building CCW (3-161)
Valve,Prevalve (3-267) PumpCentrifugal,Reactor Feedwater (3-161)

Printed Wiring PumpCentrifugal,Residual Heat Remova (3-161)
Cable,Printed Wiring (3-26) Pump,Centrifugal,Salt Water Injection (3-161)

Printed Wiring Assy Pump,Centrifugal,Service (3-162)
Printed Wiring Assy (3-156) Pump,Centrifugal,ServiceAlternating (3-162)

Printer Pump,Centrifugal,Service,Booster (3-162)
Prinerigh pee (3-56)Pump,Centrifugal,Service,Continuous (3-162)

Printer,High Speed (3-156) Pump,Ceritrifugal,Service,Salt Water (3-162)
Printer,Plow Sperdita- (3-157) PumpCentrifugal,Service,Standby (3-162)

PrinerlottrDgitaX- (3-58)Pump,Centrifugal,Service,Water (3-162)
Prism PumpCentrifugalSteam Gen Feed (3-163)

Optical,Prisrn (3-142) Pmetiuaumr 319
Optical,Prism,Assembly (3-142) Pump,Centrifugal,Summary (3-159) 3-63

Process Switch upyrli(31)
Sensor,Flow/Velocity,Process Switch (3-194) Pump,Hydraulic~etiua (3-163)
Sensor,Level,Process Switch (3-196) Pump,HydraulicCentriga (3-163)
Sensor,Temperature,Process Switch (3-200) Pump,Hydraulic,Gmealr (3-164)

Protective Pump,Hydraulic,Manual (3-164)
Cover, Protective (3-54) Pump,Hydraulic,Piston (3-164)
Relay,Composite,Protective (3-172) PumpHydraulic,Piston,Axial (3-165)

Protective Control Pump,Hydraulic,Piston,Radial (3-165)
Relay,Time DelayProtective Control (3-176) Pump,HydraulicSummary (3-163)

Public Utilities Pump,Positive Displacemen (3-163)
Power SupplyPublic Utilities (3-154) Purnp,Positlve Displacemen,Service,Composite (3-165)

Pulley Pumnp,Positive Displacemen,Service,Continuous (3-165)
Pulley (3-158) Pump,Positive Displacemen,Summary (3-165)

Pulse Pump,Sumi-ary (3-158)
Transformer,Pulse (3-239) Purge
Transformer,Pulse,Dual (3-239) ValvePneumatic,PurgeStem (3-267)
Transformet,Pulse,High Power (3-239) Push Button
Transformer,Pulse,Low Power (3-239) Switch,Push Button (3-219)

Pulse Width Switch,Push Button,Illuminated (3-219)
Modulator,Pulse Width (3-138) Switch,Push Button,Pendant-Hoist Key (3-219)

Quad
IC Digital,BufferCMOSQuad (3-107)
IC Digital,Quad,True/Comp Buffr (3-113)
IC LinearOp. Amp.,Quad (3-116)
IC LinearSwitchQuad (3-116)
Transistor,Multiple,Quad (3-251)

Quadrant
Gun,Quadrant (3-90)

Quadrant Fire Contrl
Quadrant Fire Contrl (3-165)

Quartz
Crystal,Quartz: (3-56)

Quick Release
Pin Mechanical,Quick Release (3-146)
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R.F. Rectif ier

Transistor,Field Effect,R.F. (3-249) Diode,Rectifier (3-59)
Transistor,R.F. (3-251) Diode,Rectifier~lridge (3-60)

RAi% Diode,Rectifier,BridgeThree Phase (3-60)
IC Digital,CMOSRAM (3-108) Diode,Rectifier,High Power (3-60)
IC Dlgital,MemoryRAM (3-111) DiodeRectifier,High Voltage (3-60)
IC Digital,MemoryRAM,Static (3-112) Diode,RectifierLow Power (3-60)

RF & Coil Diode,RectifierSummary (3-59)
Transformer,RF & Coil (3-240) TransformerRectifier (3-240)

Radial TransformerRectifier,Excitation (3-240)
Pump,Hydraulic,Piston,Radial (3-165) TransformerRectifier,Precipitator (3-240)

Radiation Rectifier-Stationary
Sensor,Radiation (3-197) Charger,Rectifier-StationaryFerro-Resonant (3-36)

Radiator ChargerRectifier-Stationary,Magnetic Amplifier (3-36)
Heat ExchangersRadiator (3-94) Charger,Rectifier-StationarySilicon Controlled (3-37)

Radio Frequency Recup Cyl Head Assy
Coil,Radio Frequency (3-43) Rpcup Cyl Head Assy (3-167)

Rail & Plate Assy Reed
Rail & Plate Assy (3-166) Switch,Reed (3-220)

Rail Assembly Reflector
Rail Assembly (3-166) Reflector (3-167)

Rake Regulator
Brake,Rake (3-21) Hybrid,Regulator,Switching (3-103)

Rate of Flow IC Linear,RegulatorVoltage (3-116)
Indicator,Rate of Flow (3-118) Regulator (3-167)

Reactor Building CCW ValveReg.zlator (3-267)
Pump,Centrifugal,Reactor Building CCW (3-161) i~einforced

Reactor Feedwater Wheel,Reittforced (3-270)
Pump,Centrifugal,Reactor Feedwater (34161) Relay

Rear Traverse Assy Alarm,AnnunciatorModuleRelay (3-5)
Rear Traverse Assy (3-167) Relay (3-168)

RecevingRelayComposite (3-171)
TblcrnReceiving (325 RelayCompositeAuxilitary (3-172)

TubeElecronRecevin (3-55)Relay,Composite,Control (3-172)
Receptacle RelayCompositeProtective (3-172)

Connector,Receptacle,Electrical (3-49) RelayContact (3-172)
Rechargeable RelayContactN.C. (3-172)

Battery,Rechargeable,Ni-Cd (3-10) RelayContact,N.O. (3-172)
Recoil Relay,Contactors,Sele (3-172)

Gun,Recoil,Mechanism (3-90) RelayDPDT (3-173)
Gun,Recoil,Mechanism,Variable (3-91) RelayElectromagnetic,LatchingDPDT (3-173)

Recoil Cylinder Assy RelayElectromechanical,Armature (3-173)
Recoil Cyliader Assy (3-167) RelayElectromechanical,Latching (3-173)

Recoil Ind RelayElectromechanical,LatchingDPDT (3-173)
Bracket,Recoil Ind (3-19) Relay,Electromechanic-al,Mercury Wetted (3-173)

Recoil Mechanism RelayPower (3-174)
Arm,Recoil Mechanism (3-8) RelaySPDT (3-174)

Recorder RelaySPST (3-174)
Recorder,CassetteTape Reel (3-167) RelaySignal,Low Power (3-174)
Sensor,Recorder (3-198) RelaySolertoid (3-174)

Rectangular RelaySolid State (3-175)
Connector,Rectangular,Multicontact (349) RelaySummary (3-168)

Recticle Slide Assy RelaySwitchgear (3-175)
Recticle Slide Assy (3-167) RelayTime Delay (3-175)

Relay,Time DelayProtective Control (3-176)
Relief

Valve,l-Iydraulic,Relief (3-261)
Valve,Relief (3-267)
Valve,Relief,Pressure (3-267)
Valve,Relief,Summary (3-267)
Valve,Relief,Thermal (3-268)
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Reset Ring Yoke Assembly

Counter,Reset (3-52) Ring Yoke Assembly (3-185)
Residual Heat Remova Rivet

Pump,Centrifugal,Residual Heat Remova (3-161) Rivet,Solid (3-185)
Resistive Rod

Heat ExchangersElect. Heater, Resistive (3-94) Drake,Rod (3-21)
Re,;istor Rod (3-185)

Resistor,Alumina,Cerarnic (3-176) Roller
Resistor,Fixed (3-176) Bearing,Roller (3-13)
ResistorFixed,Carbon & ' '!tal Film (3-177) Bearing,Roller,Taper (3-13)
Resistor,FixedCarbon Film (3-177) Roller (3-186)
Resistor, Fixed,Cvmposition (3-178) Roller Assembly
Resistor,FixedFilm (3-178) Rollor Assembly (3-186)
Resistor,Fixed,Film,Metal (3-179) Roller Hub
Resistor,Fixed,Summary (3-176) Housing,Roller Hub (3-100)
ResistorFixed,Wire Wound (3-179) Roller Univers Assy
Resistur,Fixed,Wire WoundPower (3-180) Roller Univers Assy (3-186)
Resistor,Fixed,Wire Wound,Precision (3-180) Rotary
Resistor,Network (3-180) Meter, Potentiometer, Rotary (3-136)
Resistor,Thermistor (3-181) Switch,Rotary,Manual (3-220)
ResistorTrimpotCarbon Film (3-181) Rotay Harness Assy
ResistorVariable (3-181) Rotary Harness Assy (3-186)
Resistor,Variable,Comrposition (3-182) Rotary H
Resistor,Variable,Potentiometer (3-182) Rotary Switch (3-186)
Resistor,Variable,Summary (3-181) Rotating H-kead Assy
Resistor,Variable,Wire Wound (3-183) Rotating Head Assy (3-187)
Resi stor,Variable, Wire WoundPrecision (3-183) Rotor
Resistor,Varistor (3-183) Resolver,Rotor (3-183)

Resolver Round
Resolver,Rotor (3-183) Nut,Plain,Round (3-141)
Resolver,Servomechanism (3-184) Rubber
Resolver,Starter (3-184) Hose AssemblyRubber (3-97)
Synchro,Resolver (3-222) IsolatorVibration,Rubber (3-119)

Retainer Ruggedized
Retainer (3-184) MeterRuggedized (3-136)
Retainer,Optical El (3-184) SCR

Retainer Piston Assy Dicde,SCR (3-61)
Retainer Piston Assy (3-184) SPDT

Retaining Relay,SPDT (3-174)
Ring,Retaining (3-185) SPST,

Retaining Ring R2Iay,SPST (3-174)
Fasteners,Retaining Ring (3-77) SSI/U SI

Reticle IC Digital,CMOS,SSI/MSI (3-109)
Reticle (3-184) IC Digital,SSI/MSI (3-113)

Retractor Safety
Retractor (3-184) ValveSafety (3-268)

Reverse Lock Salt Water
Clutch,Reverse Lock (3-42) Pump,Centrifugal,Service,Salt Water (3-162)

Ribbed Shoulder Salt Water Injection
Bolt,Ribbed Shoulder (3-17) Pump,Centrifugal,Salt Water Injection (3-161)

Right Scale
Elevating Mech,Right (3-73) Scale,Diopter (3-187)
Support AssemblyRight (3-211)

Rigid
Pipe,Rigid,Metal (3-148)

Ring
Ring (3-184)
RingRetaining (3-185)
RingSIlJp (3-185)
Ring,Stop (3-185)
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Screw Sensor
Screw (3-187) Opteolectronic L)(!V.,Scnsor (3-143)
Screw,Cap (3-187) Sensor (3-193)
Screw,Cap,Socket (3-188) Sensor, Bi stables (3-193)
Screv?,Car),SocketHead (3-188) Sensor,Displacement (3-493)
9-crew,Collirnator (3-188) SensarFlow/ Velocity (3-194)
Screw,Front Wedge (3-188) ScnsorFlow/Velocity,Piocess Switch (3-194)
Screw, Insert,Thread (3-189) Sensor,Plow/Velo':ity,T'ransduicer (3-194)
Screw,Machine (3-189) Sencor,Flow/Velocity,Transt-ltter (3-194)
Screw,Self Locking (3-189) SensorHeater (3-195)
Sci-ew,Self Tapping (3-190) Sensor,Heater~i-ig (1-1l95)
Screw,Set (3-190) Sensor,H4umidity (3-19~5)
ScrewShoulder (34190) Sensar~lndicating Conovl (3-195)
Screw,Tapping (3-191) Sensor,Level (3-195)
Screw,Thumb (3-191) SensorLevel,Controller (3-196)

Screw Plug SensorLevel,Process St fitch (3-716)
Heater,Immersion,Screw Plug (3-96) Sensor,Level,Transrnitter (3-196)

Seal Sensor,Meteorological (3-196)
Gasket,Seal (3-80) SensorPower Supply (3-1%)
Seal (3-191) Sensor.Power Transducer (3-197)
Seal,O-Ring (3-192) Sensor' Pressure (3-197)
Seal,Oil (3-192) SensorPressure,Transmitter (3-197)
Seal,Sumrmary (3-191) SensorRadiation (3-197)

Seat SensorRecorder (3-198)
Seat (3-192) SensorSeismic Instrument (3-198)
Seat,Ball (3-192) SensorShock (3-198)

Sector SensorSignal Modifier (3-198)
Gear,Sector (3-84) SensorSpeed (3-199)

Seismic Instrument SensorSpeed,Centrifugal Switch (3-199)
SesrSimcInstrument (3-198) SensorSpeed,Transducer (3-199)

Sensre inc Sensor,Surnmary (3-193)

Relay,Contactors,Sele (3-172) SensorTemperature (3-199)
Self oddngSensor,Temperature,Element Transducer (3-200)

SrwSelf Locking (319 SensorTemperature,Process Switch (3-200)
ScreSef Lokin (3-89)Sensor,Temperature,Transmitter (3-200)

Self Operated SensorTotalizer (3-200)
Valve,Pneumatic,Acttzator,Self Operated (3-264) SensorTransducer (3-200)

Self Tapping Sensor,Transducer/Transmit (3-201)
Screw,Self Tapping (3-190) SensorVibration (3-201)

Semiconductor SensorWater Chemistry (3-201)
Laser,Semiconductor (3-126) Transducer,Sensor (3-229)
Laser,,Semiconductor,He-Cd (3-126) Transducer,SensorLight (3-230)
Laser,Semiconductor,Helium-Neon (3-126) TransducerSensorPneumatic (3-230)

Sense Digit Transducer,SensorSolid State (3-231)
Trans former,Sense Digit (3-241) Transducer,Sensor,Sunimary (3-229)

Sensitive Micro Sequence
Switch,Sensitive Micro (3-220) Valve,Sequence (3-268)

Service
Pump,Centrifugal,Service (3-162)
Pump,Centrifugal,Servlce,Alternating (3-162)
Pump,Centrifugal,Service,Booster (3-162)
Pump,Centrifugal,Service,Continuous (3-162)
Pump,Centrifugal,Servi~ce,S~alt Water (3-162)
Puintp,Centriiugal,Service,Standby (3-162)
Pump,Centrifugal,9ervice,Water (3-162)
Punip,kosltive Displacemen,ServlceComposite (3-165)
PumpPositive DisplacemenServiceContiriuous (3-165)
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Servo Single Acting Piston
Electrical M~otor, Tachomi:eter,Servo (3-72) Pneumatic,Single Acting Piston,Actuator,Throttling (3-153)
Servo,Motor Starter (3-201) Pneumatic,Single Acting Piston,Actuator,Throttling
Servo,Stepp ng Motor (3-201) Composite (3-153)
ServoTachoimeter,Generator (-2-202) l'neumatic,Single Acting Pist,.n,Qpen /Close Se~rvice (3-153)
Val-ve,Hydraulic,S5ervo (3-261) Single Phase
Valve,fiervo (3-268) Electrical Mvotor,Ja~duction,AC,Si ngle Phase (3-68)

Servome~chanism Electrical Motor,'jynchronous,AC,Single Phase (3-72)
Resolv-- ;Servomechanlsm (3-184) Power Supply,Lrn iinterruptable,Si ngle Plhase,Static Inverter

Servos (3-155)
Electrical Motor,Servos,Composite (3-72) Transformer,Auto,Liquid Filled,Single Phase (3-233)

Set Siren
Screw,Set (3-190) Siren,Annu.-iciator Module (3-204)

Set Up Sleeve
Transformer,Power,Set Up (3-239) Be. ring,Sleeve (3-13)

Shaft B,,: !ing,Sleeve,Trunnion (3-14)
Clamp,Shaft (3-40) Bushir'g,Sleeve (3-24)
Coupling,Shaft (3-52) Sleeve,Spacer (3-204)
Cover,Shaft (3-54) Sleeve Assembly
CrankShaft (3-55) Sleeve Assembly (3-204)
Shaft (3-202) Slide
Shaft,Drive (3-202) Switch,Slide (3-220)
ShaftEquilibrator (3-203) Slip
Shaft,Shouldered (3-203) Ring,Slip (3-185)
Shaft,Straight (3-203) Slotted
Shaft,Worm (3-203) Nut,Slotted (3-141)

Shaft Assembly Slug
Shaft Assembly (3-202) Capacitor,Fixed,Tantalum,Slug (3-33)

Shaft Collar Small Signal
Shaft Collar (3-202) Diode,Small Signal (3-61)

Shear DiodeSmall Signal,General Purpose (3-61)
Pin Mechanical,Shear (3-146) DiodeSmall Signal,Summary (3-61)

Shield DiodeSmall Signal,Switching (3-62)
Shield,Collimator (3-204) TransistorSmall Signal (3-251)

Shim Smoke
Shim (3-204) Detector,SmokeAlarm (3-57)

Shock Snap
Sensor,Shock (3-198) Switch,Snap (3-221)

Shock Absorber Socket
Shock Absorber (3-204) ConnectorSocket (3-50)

Shoe ScrewCap,Socket (3-188)
Prake,Shoe,Assembly (3-21) ScrowCap,Socket,Head (3-188)
Brake,Shoe,Lining (3-21) SocketBall Seat (3-204)

Shoe Lining SocketIC (3-205,)
Bra'ke,Strut,Shoe Lining (3-22) Socket,Tiube (3-205)

Shoulder Software
Scrcw,Shoulder (3-190) Software (3-205)

Shouldered Solar Cell
Shaft,Shouldered (3-203) Module,Solar Cell (3-139)

Sight Case Stow Brkt Solder
Sight Case Stow Brkt: (3-204) Connection,Solder (3-45)

Signal Solenoid
Relay,Signal,Low Power (3-174) ActuatorSolenoid (3-3)

Signal Mo4ifier RelaySolenoid (3-174)
Sensor,Signal Modifier (3-198) Solenoid (3-205)

Silicon Controlled Solenoid,Summary (3-205)
Charger,Rectlfier-.ti tiovuervSilicon Controlled (3-37) ValveHydraulicSolenoid (3-262)

Valve,Solenoid (3-268)
Solid
Capacitor,Tantalum,Electrolytic,Solid (3-34)
Rivet,Solid (3-185)
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Solid State Station Service Incl

Annunciator,Solid State (3-6) TransformerStation Service Ind (3-241)
RelaySolid State (3-175) TransformerStation Serv.ce Incl,Dry Type, l-Phase (3-241)
Transducer,Sensor,Solld State (3-231) T-ansformerStation Service Incl,Dry Type,3-Phase (3-241)

Solid State (Visual) TransformerStation Service Incl,Liquld Filled,1 -Phase (3-
Alarm,Annunciator,Module,Solid State (Visual) (3-5) 242)

Spacer TransformerStation Service Incl,Liquid Filled,3-Phase (3-
Sleeve,Spacer (3-204) 242)

Spark Gap Stationary
Fuse,Spark Gap (3-78) ChargerStationary (3-37)

Special Stationary Float
Nut,Special (3-141) Battery,Storage,Lead Acid,Stadonary Float (3-11)

Speed Steam
Sensor,Speed (3-199) GeneratorTurbineSteam,AC (3-88)
Sensor,Speed,Centrifugal Switch (3-199) Steam Gen Feed
Sensor,Speed,Transducer (3-199) Pump,Centrifugai,Steam Gen Feed (3.163)

Spindle Stcm
SpindleBrake,Group (3-206) ValvePneumaticPurgeStem (3-267)
Spindle,Brake,Support (3-206) Stem Crank Assembly
Spindle,Flange (3-207) Stem Crank Assembly (3-209)
SpindleHand wheel (3-207) Step Recoveiy

Spindle Assembly DiodeMicrcwave,Step Recovery (3-59)
Spindle Assembly (3-206) Stepper

Splice Electrical MotorStepper (3-72)
Splice,Fiber Optic (3-207) Stepping Motor

Splined ServoStepping Motor (3-201)
Gear,Spur,Splined (3-84) Stop

Split Phase RingStop (3-185)
Electrical Motor,.Motor/BlowerAC,Split Phase (3-70) Stop -in 5g

Spring Brackat,Stop Ring (3-19)
Isolator,Vibration,Spring (3-119) Storage
Pin Mechanical,Spring (3-146) BatteryStorage (3-11)
Spring (3-207) BatteryStorageLead Acid,Float Service (3-11)
Spring,Brake (3-208) BatteryStorage,Lead A.id,Stationary Float (3-11)
Spring,Helical (3-208) TdnkStorageLow Pressure (3-223)
Spring,lnstrument,Light Loads (3-209) Storage Device
Spring,Summary (3-207) Memory DeviceStorage Devicc.,Electronic/Magnetic (3-

Spring Brake Assy 134)
Spring Brake Assy (3-208) Straight

Spur Pin Mechanical,Straight (3-147)
Gear,Spur (3-84) Pin MechanicalStraightHeaded (3-147)
GearSpur,Helicap (3-84) Pin MechanicalStraight,Thread (3-147)
Gear,SpurSplined (3-84) ShaftStraight (3-203)

Squirrel Cage Stranded
Electrical MotorSquirrel CageAC (3-72) CableWireStranded (3-27)

Staff Assembly Strap
Staff Assembly (3-209) CableStrapLoop (3-26)

Stake StrapWebbing (3-210)
Carriage,Stake (3-35) Strap Assembly

Standby Strap Assembly (3-209)
Pump,Centrifugal,Service,Standby (3-162) Strip

Starter Terminal ConnectionLug,Strip (3-226)
Resolver,Starter (3-184) Strip Body
StarterMotor (3-209) BracketStrip Body (3-19)

Static Strut
IC DigitalMemoryRAM,Static (3-112) Brake,StrutShoe Lining (3-22)

Static Inverter Stud
Power SupplyUninterruptableSingle PhaseStatic Inverter Stud,NutHex (3-210)
(3-155) Stud,Plain (3-210)

Subminiature
Tube,Electror.,Subminiature (3-255)
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Substation Synchronous
Tran sformerSubstatton, Liquid ill~ed,1 -Phase (3-243) Electrical Motor,Motor/BlowerSynchronous (3-721)
Transforiner,Substation1 l~iquid Filled,3-Phase (3-243) Electrical MotorSynchronous,AC,Single Phase (3-72)

Support System
Frame Assembly,Support (3-78) Computcr,Systern (3-45)
Housing Assenibly,Support (3-98) Computer,System, Large (3-45)
Spindle,Brake,Support (3-206) System Composite

Support Assembly Pump,Centrifugal,Systein Composite (3-163)
Support Assembly (3-210) TTL
Support Assembly,Lcft (3-210) IC BipolarTl'L (3-104)
Support Assembly,Right (3-211) IC BipolarTTL,Daita Selector/MUX (3-105)

Support, Cradle Assy TL & DDL
Support Cradle A ssy (3-211) IC BlpolarTTL & DDL (3-105)

Support Rocker Assy TWT
Support Rcxker Assy (3-211) TubeElectrort,Microwave,TWT (3-253)

Surface Acoust. Wave Tachometer
Surface Acoust. Wave (3-21 1) Electrical MotorTachorneter,Servo (3-72)

Surge Arrestor Servo,Tachometer,Generator (3-202)
Fuse,Surge Arrestor (3-78) Tank

Susp Tank (3-222)
W\heelSusp.,Grp/Actuatr (3-270) Trank,Storage,Low Pressure (3-223)

Susp Lock Tantalum
BracketSusp Lock (3-19) Capacitor, FixedTantalum (3-33)
Pin Mechanical,Susp Lock (3-14.8) Capacitor,Fixed,Tantalum,Slug (3-33)

Switch Capacitor.Tantalum (3-34)
IC Digitai,FETSwitch (3-109) CapacitorTantalum,Electrolytic,Foil (3-34)
IC LinearSwitch (3-116) CapacitorTantalum,Electrolytic,Solid (3-34)
IC LinearSwltch,Quad (3-116) Capacitor,Tantalum,Summary (3-3 4)
Switch (3-212) Tape Reel
Switch,Control (3-2.15) RecorderCassette,Tape Reel (3-167)
Switch,Fioat (3-215) Taper
Switch ,Flow (3-215) Bearing,RollerTaper (3-13)
Switch,Foot (3-215)Taed
Switch,Inte~rconnect,Master (3-216) TPi ered caaerd(318
Switch.,Magnetic (3-216) Tapping
Switch,Manual (3-216) Screw,Tapping (3-191)
Switch,Micro (3-216) Telephone System
Switch,Pressure (3-216)Teehn ytmB(32)
Switch,Pressure,Fluid (3-218) Telephone System,PBXPB (3-223)
Switch,Push Button (3-219) Telephone System,SwitchingElectionic (3-223)
Switch,Push Button,Illuminated (3-219) Telescope
Switch,Push Button,Pendant-Hoist Key (3-219) CoverTelescope (3-54)
S~witch,RotryMaua (3-220) CoverTelescope,Mount (3-54)SwithRtarMaual(3-20)Preformed Packing,TelescopePan M1 13 (3-156)
Switch,Sensitive Micro (X-220) Telescope (3-223)
Switch,Slide (3-220) Telescope,~lbow (3-224)
Switch,Snap (3-221) TelescopeMount (3-224)
Switch,Sumnmary (3-212) TelescopePari (3-225)
Switch,Thermal (3-221) Temp Regulator
SwitchToggle (3-221) ActuatorTemnp Regulator (3-3)

Switchgear
R~elaySwitchgear (3-175) Temperature

SwithingSensorTemperature (3-199)
DiodSmll Sgna~wichin (352)SensorTemperatureElement Transducer (3-200)

DbiodegmallSnalo,SwItching (3-103) Sensor,Tc-mperatureProcess Switch (3-200)
TelrphonegulatorSwitchiglecrgi (3-223) SensorTemperature,Transmitter (3-200)
TelephsoneSre,Switching,HigSectroNic (3-251) TransducerTemperature (3-231)
Translstor,Switchlnig,logigb SpeedNP (3-251)

TmnsstoSwichitgogic(3-52)CableWireTensile (3-27)
Syndiro Terminal Board

(3-222)3-22 Terminal Connectionjerminal Board (3-226)
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FMD-.91 Part Index 1-27
Terminal Connection Toridal

Terminal Connection,Crimp (3-226) Transformer,Toridal (3-244)
Terminal Connection, Lug,Strip (3-226) Torque Brdge
Terminal Connection,Terminal Board (3-226) ModuleTorque Bridge (3-139)

Thermal Totalizer
Circuit Breaker,Thermal (3-40) SensorTotalizer (3-200)
Switch,Thermal (3-221) Track Ball
Valve,Relief,Thermal (3-268) Computer Peripheral,Track Ball (3-44)

Thermistor Trail & Bracket Assy
Resistor,Thermistor (3-181) Trail & Bracket Assy (3-228)

Thermometer Trail Box
Meter,Thermometer (3-137) Trail Box (3-228)

Thin Film Circuit Transceiver
hybrid,Thin Film Circuit (3-103) Hybrid,Transceiver,Dual (3-103)

Thread Transceiver (3-228)
Pin Mechanical,Straight,Thread (3-147) Transducer
Screw,lnsert,Thread (3-189) Pneumatic,Actuator Instrument,Transducer (3-152)

Three Pneumatic,Actuator Instrument,TransducerCombined
Transformer,Power,Phase,Three (3-238) Positioner (3-152)

Three Phase Pneumatic,Actuator InstrumentTransducer,Electro-
Diode,Rectifier,Bridge,Three Phase (3-60) Pneumatic (3-152)
Power Supply,Uninterruptable,Three Phase,lnverter (3-155) Pneumatic,Actuator Instrument,TransducerI/P (3-152)
Transformer,Auto,Liquid Filled,Three Phase (3-234) SensorFlow/Velocity,Transducer (3-194)

Throttling Sensor,Speed,Transducer (3-199)
Pneurnatic,Double Acting Piston,ActuatorThrottling (3- Sensor,Transducer (3-200)
153) Transducer (3-229)
Pneumatic,Single Acting Piston,ActuatorThrottling (3-153) Transducer (3-229)
Valve,Throttling,Bipropell (3-268) TransducerPressure (3-229)

Throttling Composite Transducer,Sensor (3-229)
Pneumatic,Double Acting Piston,ActuatorThrottling Transducer,Sensor (3-230)
Composite (3-153) Transducer,SensorLight (3-230)
Pneumatic,Single Acting Piston,ActuatorThrottling TransducerSensorPneumatic (3-230)
Composite (3-153) Transducer,SensorSolid State (3-231)

Thumb Transducer,Sensor,Summary (3-229)
Screw,Thumb (3-191) TransducerSummary (3-229)

Thyristor TransducerTemperature (3-231)
Diode,Thyristor (3-62) Transducer/Transmit
Diode,Thyfistor,PUT (3-62) Sensor,Transducer/Transmit (3-201)
Diode,Thyristor,Summary (3-62)
Diode,Thyristor,Triac (3-62)

Time
Meter,Time,Elapsed (3-137)

Time Delay
Relay,Time Delay (3-175)
Relay,Time DelayProtective Control (3-176)

Timer
Timer (3-227)
Timer,Electromechanical (3-227)
Timer,Summary (3-227)

Tin Alloy Ingot
Tin Alloy Ingot (3-227)

Tire
Tire (3-227)
Tire,Summary (3-227)

Tire Roller Assembly
Tire Roller Assembly (3-228)

Toggle
Switch,Toggle (3-221)

Tool Box Cover
Tool Box Cover (3-228)
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Transformer Transistor

Transformer (3-231) Transistor (3-245)
Transformer (3-231) TransistorBipolar (3-247)
Transformer, Audio (3-233) TransistorBipolarNPN (3-248)
Transformer,Auto,Liquid Filled (3-233) TransistorBipolarPNP (3-248)
Transformer,Auto,Llquid Filled,Single Phase (3-232) TransistorBipolarSummary (3-247)
Transformer,Auto,Liquld Filled,Three Phase (3-234) TransistorField Effect (3-248)
Transformer,Boost Converter (3-235) TransistorField EffectHEX,N-Channel (3-249)
Transformer,Choke (3-235) TransistorFleld Effectjunctlon (3-249)
Transformer,Coil (3-235) TransistorField Effect,Power (3-249)
Transformer,Dither (3-235) TransistorFiled Effect,R.F. (3-249)
Transformer,Dual Sense (3-235) TransistorField Effect,Summary (3-248)
Transformer,FET (3-235) Transistor,GaAs PET (3-250)
Transformer,High Voltage (3-235) TransistorHigh Power (3-250)
Transformer,lnductor,Assembly (3-236) TransistorLead (3-250)
Transformer,Inductor,Audio,High Power & Pulse (3-236) TransistorLinear (3-250)
Transformer,Instrument,Current (3-236) TransistorMicrowave (3-250)
Transformer,lnstrument,Potential (3-236) TransistorMultiple (3-251)
Transformer,Output (3-236) TransistorMultipleDarlington (3-251)
Transiormer,Power,Distribution (3-237) TransistorMultiple,Darlington,Power (3-251)
Transformer,Power,Filter (3-237) TransistorMultipleDual,PNP (3-251)
Transformer,Power,Gen/Unit (3-237) TransistorMultipleQuad (3-251)
Transformer,Power,Gen/Unit,Liquid Fill 1-Phase (3-237) TransistorR.F. (3-251)
Transformer,Power,Gen/Unit,Liquid Fill 3-Phase (3-238) TransistorSmall Signal (3-251)
Transformer,Power,Gen/Unit,Liquid Filled (3-238) TransistorSwitchlng,High Speed,NPN (3-251)
Transformer,Power,Phase,Three (3-238) TransistorSwitchingLogic (3-252)
Transformer,Power,Set Up (3-239) TransiatorUnijunction (3-252)
Transformer,Pulse (3-239) Transmission Tile
Transformer,Pulse,Dual (3-239) TransformerTransmission Tile (3-244)
Transformer,Pulse,High Power (3-239) TransformerTransmission TileLiquid Filled,1-Phase (3-244)
Transformer,Pulse,Low Power (3-239) TransformerTransmission TileLiquld Filled,3-Phase (3-245)
Transformer,RF & Coil (3-240) Transmit Force
Transformer,Rectifler (3-240) ActuatorTransmit Force (3-3)
Transformer,Rectifier,Excitation (3-240) Transmitter
Transformner,Rectlfier,Precipitator (3-240) Sen3orFlow/VelocityTransmitter (3-194)
Transformer,Sense Digit (3-241) SensorLevel,Transmitter (3-196)
Transformer,Station Service Inc (3-241) SensorPressureTransmitter (3-197)
Transformer,Station Service lnclDry TypeI-Phase (3-241) SensorTemperature,Transmitter (3-200)
Transformer,Station Service Incl,Dry Type,3-Phase (3-241) Tranoilb
Transformer,Station Service Incl,Liquid Filled,1-Phase (3- DiodeTransorb (3-62)
242)Trvln
Transformer,Station Service Incl,Liquid Filled,3-Phase (3- TerravelingFotHnw l(-4
242) GearTravelingFront Randler l (3-84)
Transformer,Substation,Liquid Filled,1-Phase (3-243) GearTravelingFrt Rollr1(-85
Transformer,Substation,Liquid Filled,3-Phase (3-243) Tokraveling (3-132)e
Transformer,Summary (3-231) Traveling HandwheelAsml 322
TransformerToridal (3-244) TaeigHnwelAsml 322
Transformer,Transmission Tile (3-244) Traveling Lock Assy
Transformer,Transmlssion TileLiquid Filled,1-Phase (3-244) Traveling Lock Assy (3-252)
Transformer,Transmission TileLlquid Filled,3-Phase (3-245) Tray

Transformer Assembly DuctTrayWireway (3-65)
Transformer Assembly (3-2~33) Triac
Transformer AssamblyDual (3-233) DiodeThyristor~Triac (3-62)

Trimmer
Resistor,Variable,Trimmer (3-182)

Trimpot
Resistor,Trimpot,Carbon Film (3-181)

True/Comp Duffr
IC DigitalQuad,True/Comp Buffr (3-113)

Thnmlon
Adapter,Trunnion (3-4)
BearingSlecve,Trunnion (3-14)
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Tulbe Valve

Lever,Cam,Tube (3-129) Valve (3-256)
Socket,Tube (3-205) A/alveActuator (3-257)
Tube (3-252) ValveAir Control (3-257)
TubeCannon (3-253) ValveBy-Pass (3-257)
Tube,Electron (3-253) ValveCheck (3-257)
Tube,Electron,Microwave,TWT (3-253) Val ,eCheck,PWR (3-257)
Tube,Electron,Modulator (3-255) ValveCheck & Relief (3-251")
Tube,Electron,Receivlng (3-255) '/alveControl (3-257)
TubeElectronSubminiature (3-255) ValveCore (3-257)
Tube,Girnbal (3-255) ValveFill & Check (3-258)

Tube Metal Assembly ValveFilling (3-258)
Tube Metal Assembly (3-253) ValveFuel (3-2.58)

TubfneValveFuel,Main Assembly (3-258)
GeneratorTubine (3488) ValveHydraulic (3-258)

flibirig ValveHydraulic,Actuator (3-Z59)
Tublng,End (3-255) ValveHydraulic,Ball (3-259)

TubulaValveHydraulicBellows Diaphragm (3-259)
Heater~lmmersion,Tubular (3-96) ValveHydraulic,Check (3-259)

Trbnjine ValveHydraulic,Gate Sheair (3-260)
Englne,Turbine,Gas (3-75) ValveHydraulic,Globe Rotary (3-260)
GeneratorTurbine (3488) Valve,HydraulicManual (3-260)

GeneatorTurineasC (388)ValveHydraulic,Needle (3-261)
Generator,Turbine,Stam,AC (388 ValveHydraulicPlug (3-261)
Generator,Turbine,StemamA (3-88) ValveHydraulic,Relief (3-261)
GenePRtOrubnuMr ValveHydraulic,Servo (3-261)

ICVDiPROlMemrLVP 312 ValveHydraulic,Solenoid (3-262)
UIC DgialMemrVP 312 Valve,HydraulicSummary (3-258)
ICVPROtaMemrUP 312 ValveIgnition (3-262)

IC DgltaMeoryVPRM (312)Valve,Interconnect (3-262)
Under Voltage ValveManual Control (3-262)
Hybrid,Detector,Under Voltage (3-102) ValveMotor Control (3-262)

Unijunction ValveOil (3-262)
Transistor,Unijunction (3-252) ValveOperatorElectric Motor (3-262)

Uninterruptable ValveOperatorElectric MotorComposite (3-263)
Power SupplyLninterruptable (3-155) ValveOperatorElectric Solenoid (3-263)
Power SupplyUninterruptableSingle PhaseStatic Inverter ValvePOW (3-263)
(3-155) ValvePflot (3-263)
Power SupplyUninterruptableThree PhaseInverter (3-1-95) ValvePneumatic (3-263)

Universal ValvePneumaticActuator (3-264)
joint Mechanical,Universail (3-120) ValvePneumaticActuatorDiaphragm (3-264)

Upper Elev ValvePneumaticActuator-,Diaphragm Spring Opp (3-264)
Gear AssemblyHousingUpper Elev (3-82) ValvePneumatic,ActuatorDouble Action Piston (3-264)

Upstream Prssr ValvePneumatlcActuatorSelf Operated (3-264)
Actuator,Upstream Pressure (3-3) ValvePneumatic,Ball (3-264)

VCO Valve,Pneumatic,Bellows Diaphragm (3-265)
Oscillator,Microwave,VCO (3-143) ValvePneumaticBleed (3-265)

VLISIValvePneumaticCheck (3-265)
IC BipolarVISI (3-105) ValvePneumnaticGate Shear (3-265)

VMOS Valv:,PneumaticGlobe Rotary (3-266)
IC DigitalMemoryVMOS (3-112) ValvePneumatic,Peelu (3-266)

Valve,Pneumatic,Pressure Regulator (3-266)
Valve,Pneumatic,Purge,Stem (3-267)
Valve,Pneumatic,Sumznary (3-263)
Valve,Pressure Test (3-267)
ValvePrevalve (3-267)
ValveRegulator (3-267)
Valve,Relief (3-267)
Valve,Relief,Pressure (3-267)
Valve,Relief,Summary (3-267)
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Valve (cont.) Wheel
Valve,Relief,Thermal (3-268) Nut. Wheel (3-141)
Valve,Safety (3-268) Wheel (3-269)
ValveSequence (3-268) Wheel,Rei nforced (3-270)

Valve,Servo (3-268) Wheel,SuspGrp/Actuatr (3-270)
Valve,Solenoid (3-268) Wheel Assembly
Valve,Summary (3-2,56) Wheel Assembly (3-270)
Valve,Throttling,Bipropell (3-268) Wideband
Valve,Vent (3-268) Amplifier,Wideband,GaAs FET (3-6)

Vane Axial Window
Electrical MotorMotor/Blower,Fan,Vane Axial (3-71) Window (3-271)

Variable WindowOptical (3-271)
Capacitor,Variable,Air Dielectric (3-34) Wing
Capacitor,Variable,Paral lei Plate (3-34) Nut,Wing (3-141)
Capacitor,Variable,Piston (3-34) Wire
Gun,Recoil,Mechanism,Variable (3-91) Cable,Wire (3-26)
Resistor,Variable (3-181) Cable,WireCiCoil (3-27)
Resistor,Variable,Composition (3-182) CbeWroe(-7
Resistor,Variable,Potentiometer (3-182) CableWirelcreclo (3-27)gnl 3-7
Resistor,Variable,Summary (3-181) CableWire,Stranded (3-27)
Resistor,Variable,Trimmer (3-182) CableWire,Tensile (3-27)
Resistor,Variable,Wire Wound (3-183) Wire Wound
Resistor,Variable,Wire Wound,Precision (3-183) Resistor,Fixed,Wire Wound (3-179)

Varistor Resistor,Fixed,Wire Wound,Power (3-180)
Resistor,Varistor (3-183) Resistor,Fixed,Wire Wound,Precision (3-180)

Vent Resistor,Variable,Wire Wound (3-183)
Valve,Vent (3-268) Resistor,Variable,Wire Wound,Precision (3-183)

Vertical Speed iea
Meter,Vertical Speed (3-137) Wirewray irwy(-5

Vial Wood
LevelVial (3-128) Poles,Wood (3-153)

Vibration Woodruff
Isolator,Vibration,Rubber (3-119) KeyWoodruff (3-120)
lsolator,Vibration,Spring (3-119) Worm
Sensor,Vibration (3-201) Gear AssemblyWorrn (3-82)

Vibrator ShaftWorm (3-203)
Vibrator (3-269) Worm Shaft Assembly

Vidicon Worm Shaft Assembly (3-271)
Vidicon (3-269) Wound Rotor

Voltage Electrical MotorInduction,ACWound Rotor (3-69)
IC LinearRegulatorV31tage (3-116) -

Voltage Controlled PrinterPlotterDlgital,X-Y (3-158)
Attenuator,Microwave,Voltage Controlled (3-8) YAG

Voltage Follower LaserYAG (3-127)
IC Linear,Voltage Follower (3-116) I

Voltage Reference OsclllatorMicrowaveYIG (3-144)
Diode,Zener,Voltage Reference (3-63) Zener
IC LinearVoltage Reference,Precision (3-116) DiodeZener (3-63)
DdeZnrVoltage Regulator Diode,Zener,Summary (3-63)

DiodZeeroltge eguato (364)DiodeZener,Voltage Reference (3-63)
IC LlnearVoltage Regulator (3-116) DiodeZenerVoltage Regulator (3-64)

Washer
Washer,Key (3-269)
Washer,Lock (3-269)

Water
Pump,Centrifugal,CoolingWater (3-161)
Pump,Centrifugal,Service,Water (3-162)

Water Chemistry
Sensor.Water Chemistry (3-201)

Webbing
StrapWebbing (3-210)
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